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INTRODUCTION 


A  variety  of  energy  systems  are  undergoing  research  and  development  and 
may  provide  such  benefits  as  reduced  costa,  greater  reliability,  and  greater 
flexibility  relative  to  conventional  commercially  available  energy  systems. 
This  effort  was  funded  to  develop  a  data  base  of  the  key  parameters  of 
selected  systems  to  serve  as  input  to  a  multiple~criterion  decision  computer 
model  which  identifies  the  most  appropriate  energy  technology  for  different 
Air  Force  needs. 

The  objective  of  this  project  was  to  develop  a  data  base  of  technical 
and  economic  performance  parameters  of  selected  energy  conversion  and  energy 
storage  devices.  The  data  base  Includes  not  only  the  state-of-the-art  (1980) 
values  of  the  performance  parameters  but  also  the  expected  values  of  the  per¬ 
formance  parameters  in  the  1985,  1990,  and  2000  time  frame.  For  the  energy 
conversion  technologies,  the  performance  parameters  were  developed  over  the 
power  output  range  from  1.5  kW  to  5000.0  kW.  For  the  energy  storage  technol¬ 
ogies,  the  performance  parameters  were  developed  over  the  energy  output  range 
equivalent  to  the  power  output  at  continuous  annual  operation. 


The  energy  conversion  technologies  characterized  in  this  data  base  are: 
e  Gas  Turbines 

—  Open  cycle,  non-recuperative  (non-regenerative) 

—  Closed  cycle 

—  Open  cycle,  recuperative  (regenerative) 
e  Diesels 

—  Turbocompounded 
—  Turbocharged 
—  Adiabatic 
e  Stirlings 

—  Free  piston 
—  Kinematic 

e  Organic  Ranklne  Cycles 
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•  Fuel  Cells 


—  Phosphoric  acid 
—  Solid  Polymer  Electrolyte  (SPE) 

—  Molten  carbonate 

•  Photovol talcs 
—  Flate  plate 

—  Actively  cooled 
—  Photochemical 

•  Wind  Turbines 

—  Vertical -axis 
—  Horizontal-axis 

The  energy  storage  technologies  characterized  in  this  data  base  are: 

•  Batteries 

-  Zn/C*2 
—  Zn/Br2 

-  Ni/Fe 

-  Li-Al/FeS2 

-  Na/S 

—  Advanced  Sealed  Lead  Acids 
—  Redox  Cr-Fe 

•  Thermal  Energy  Storage  Devices 

—  Ca  0.2  *  6  H20,  Calcium  Chloride  Hexahydrate 
—  Na^SOi,  •  10  H20,  Sodium  Sulfate  Decahydrate  (Glauber's  Salt) 

—  Na  S20;j  •  5  H20,  Sodium  Thiosulfate  Pentahydrate 
—  Olivine  Ceramic  Brick 
—  Magnislte  Ceramic  Brick 
—  Form-stable  Polyethylene 

This  volume  contains  the  analysis,  raw  data,  and  bibliography  that  led 
to  the  data  base  of  the  technologies.  Each  datum  is  referred  to  the  source  in 
the  bibliography.  The  analytical  methods  are  discussed  in  Volume  I,  Project 
Summary.  Note  that  the  original  analyses  were  conducted  in  a  logarithmic  base 
(log  of  the  output)  to  facilitate  the  use  of  the  curve-fitting  algorithm. 
Therefore,  all  figure  in  this  volume  use  the  log  of  the  output  level  as  the 
x-axis. 


Open  Cycle,  Non-Recuperative  (Non-Regenerative) 

Data  have  been  obtained  for  determination  of  values  for  parameters  of 
efficiency,  acquisition  cost,  operation  and  maintenance  cost,  weight,  volume, 
footprint,  start-up/shutdown  time,  and  lifetime.  Data  used  in  analysis  of 
these  parameters  are  presented  in  Table  1. 

Applying  appropriate  data  analysis  techniques  resulted  in  the  following 
functions  for  these  parameters. 

Efficiency  of  Open  Cycle  Gas  Turbine  Energy  Conversion  Systems  (GTEFF) 

GTEFF  (%)  =  11.29252  log10  x  -  0.96985  (log10  x)2  (1) 

Standard  Deviation  =  1.42 
x  *  kW 

Equation  1  and  corresponding  data  are  shown  in  Figure  1. 

Acquisition  Cost  of  Open  Cycle  Gas  Turbine  Energy  Conversion  Systems  (GTACQ) 
GTACQ  ($/kW)  -  1815.216  x-0*23814  (2] 

Standard  Deviation  =  0.124 
x  =■  kW 

Acquisition  cost  data  availability  is  limited.  Equation  2  and 
corresponding  data  are  shown  in  Figure  2. 

Operation  and  Maintenance  Cost  of  Open  Cycle  Gas  Turbine  Energy  Conversion 
Systems  (GTOM) 

GTOM  ($/yr)  -  90.73783  x0’7619604  (3! 

x  ■  kW 

Operation  and  maintenance  cost  data  availability  is  limited. 

Weight  of  Open  Cycle  Gas  Turbine  Energy  Conversion  Systems  (GTW) 

GTW  (lb/kW)  -  2.890  (4! 

Standard  Deviation  -  1.03 


No  dependence  of  GTW  on  size  (kW).  Considerable  scatter  of  data. 


2.  i. 

- ! - 

s'. 

Y=EFFICIENCY.  X 

X=L0GIS1ZEI 

KM 


Figure  1.  EFFICIENCY  OF  OPEN  CYCLE  GAS  TURBINE  ENERGY 
CONVERSION  SYSTEMS 


0.0 


I  I  ~~1  I  "  1  I 

0.8  1.6  2.4  3.2  4.0  4.8 

X 

YsPCQUISTlON  COST.  S/KM  1)960)  XsLOO(SlZE).  KM 


Figure  2.  ACQUISITION  COST  OF  OPEN  CYCLE  GAS  TURBINE 
ENERGY  CONVERSION  SYSTEMS 
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Volume  of  Open  Cycle  Gas  Turbine  Energy  Conversion  Systems  (GTV) 

GTV  (f t3/kW)  -  0.01287  x~0‘33036  (5) 

Standard  Deviation  ■  0.529 
x  =  kW 

At  small  sizes  (kW) ,  negative  standard  deviation  values  lead  to 
meaningless  negative  values  for  volume.  Use  positive  standard  deviation 
values  for  small  sizes.  Equation  5  and  corresponding  data  are  shown  in 
Figure  3. 

Footprint  of  Open  Cycle  Gas  Turbine  Energy  Conversion  Systems  (GTF) 

GTF  (ft2/kW)  =  1.4899  x"0,391444  (6) 

Standard  Deviation  =  0.0102 
x  =*  kW 


Footprint  data  availability  is  limited.  Equation  6  and  corresponding 
data  are  shown  in  Figure  4. 

Start-Up  Time  of  Open  Cycle  Gas  Turbine  Energy  Conversion  Systems  (GTST) 

GTST  -  1.0  minute  (7) 

Equation  7  and  corresponding  data  are  shown  in  Figure  5. 

Normal  Shutdown  Time  of  Open  Cycle  Gas  Turbine  Energy  Conversion  Systems 
(CTSH) 

GTSH  •  2.0  minutes  (8) 

Equation  8  and  corresponding  data  are  shown  in  Figure  6. 

Emergency  Shutdown  Time  of  Open  Cycle  Gas  Turbine  Energy  Conversion  Systems 
(GTESH) 

GTESH  -  10  sec  (9) 

Start-up/ shutdown  time  data  are  limited.  Equation  9  and  corresponding 
data  are  shown  In  Figure  7. 

Lifetime  of  Open  Cycle  Gas  Turbine  Energy  Conversion  Systems  (GTLF) 

GTLF  -  20  years  (10) 

Lifetime  data  availability  is  limited. 


I - 1 - 1 - I - 1  I 

0.8  1.6  2.4  3.2  4.0  4.8 

X 

Y=fl£0.  LAND  AREA.  SQ.FT.  X=L0GISIZE).  RH 

Figure  4.  FOOTPRINT  OF  OPEN  CYCLE  TURBINE 
ENERGY  CONVERSION  SYSTEMS 
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Other  Parameters 


Locational  and  operational  constraints,  reliability,  and  environmental 
factors  are  presented  In  Tables  2  through  5. 

Values  of  the  open-cycle  gas  turbine  energy  conversion  system  parameters 
for  selected  system  sizes  (kW)  as  predicted  from  Equations  1  through  10  are 
presented  in  Table  6. 


Table  2.  GAS  TURBINE  (Open-Cycle)  ENERGY  CONVERSION 
SYSTEM  LOCATION  CONSTRAINTS 


_ Constraints _ 

1.  Water  Requirements 

2.  Manning  Requirements 

3.  Fuel  Availability  and 
Delivery 

4.  Fuel  Storage 

5 .  Other 


Effects 


Remarks 


—  Fully  automated 

•  Must  be  located  near  natural 

gas  pipeline  or  LNC  facility 

•  Storage  is  part  of  pipeline 

system  or  expensive  LNG  tank 

0  Metropolitan  siting  may  be  diffi¬ 

cult  because  of  noise  and  NOx 
emissions. 


Overall  Assessment:  The  ordinal  score  is  3  indicating  average  locational 
constraints. 


Table  3.  GAS  TURBINE  (Open-Cycle)  ENERGY  CONVERSION  SYSTEM 
RELIABILITY  CONSTRAINTS 


_ Constraints _  Effect 

1.  Moving  Parts  0 

2.  Operating  Temperature  0 

3.  Modularity  of  the  Design  0 

4.  Stress  Levels  0 

5.  Corrosion  0 

6.  Other  0 


Overall  Assessment:  The  ordinal  score 


_ Remarks _ 

Numerous  moving  parts 

System  is  non-modular 

Subject  to  thermal  cycling 
is  3  indicating  average  reliability. 


42(3)/61045IR/WPC 
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Table  4.  GAS  TURBINE  (Open-Cycle)  ENERGY  CONVERSION  SYSTEM 
OPERATION  CONSTRAINTS 

_ Constraint _  Ef  feet  _ Remarks _ 

1.  Part-Load  Capability  0  Lower  efficiency  and  increased  emissions 

at  part  loads 

2.  Overload  Capability  0 

3.  Load  Following 

Capability  0 

Overall  Assessment:  The  ordinal  score  is  4  indicating  moderate  turn-down 
capability;  moderate  efficiency  penalty. 


42(3)/61045lR/WPC 


Table  6.  VALUES  OF  THE  OPEN  CYCLE  GAS  TURBINE  ENERGY  CONVERSION  SYSTEM  PARAMETERS  FOR  EFFICIENCY, 
ACQUISITION  COST,  OPERATION  AND  MAINTENANCE  COST,  WEIGHT,  VOLUME,  FOOTPRINT,  STARTUP/ SHUTDOWN 
TIME,  AND  LIFETIME  AS  PREDICTED  FROM  THE  DEVELOPED  MATHEMATICAL  FUNCTIONS 


1000.0  0.100 

5000.0  0.053 

10000.0  0.040 


DATA  SHEET 


Energy  Conversion  System:  Gas  Turbine-Open  Cycle 
Parameter:  Efficiency,  % 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 

C.  174,  175  36  252 

19  350 

19  380 

21  505 

21  520 

22  530 

22  548 

21  800 

17  1470 

22  1835 

26  2550 

26  2950 

23  2960 

25  2800 

27  3066 

30  4327 

28  4512 

30  5110 

31  7400 

32  9750 

32  10200 

26  18900 

35  20100 

35  20000 

27  24110 

29  24900 

30  34850 

31  35650 

29  49800 

31  60000 

31  61750 

32  72900 

32  75000 

32  102700 

32  105600 


DATA  SHEET 


Energy  Conversion  System:  Gas  Turbine-Open  Cycle 
Parameter:  Volume, Ft3 


Energy 
Conversion 
System  Ref. 


Parameter  Value  Plant 

Study  Operating  Plant  Size,  kW 


Assumptions  of 
Advanced  State  of  the  Art 


0-1000 


42 

252 

20 

350 

20 

380 

36 

505 

36 

520 

53 

530 

53 

548 

1070 

800 

1000-2000 

253 

1470 

60 

1835 

60 

2550 

60 

2950 

560 

2960 

1430 

2800 

56 

3066 

176 

4327 

29 

4512 

29 

5110 

3830 

7400 

8320 

9750 

>10000 

8320 

10200 

8140 

18900 

7580 

20100 

2541 

20000 

3630 

24900 

290530 

34850 

11748 

35650 

7260 

49800 

44540 

60000 

26392 

61750 

290530 

72900 

26392 

75000 

241900 

102700 

241900 

105600 

DATA  SHEET 


Energy  Conversion  System:  Turbine-Open  Cycle 

Parameter:  Weight, Lb 


Energy 
Conversion 
System  Ref. 

G.  174,  175 


1800 

252 

350 

350 

369 

380 

1750 

505 

1750 

520 

1710 

530 

1710 

548 

20250 

800 

1000-2000 

6000 

1470 

1185 

1835 

1275 

2550 

1325 

2950 

8800 

2960 

40000 

2800 

1270 

3066 

7490 

4327 

1350 

4512 

1490 

5110 

140000 

7400 

242000 

9750 

Parameter  Value  Plant  Assumptions  of 

Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 

0-1000 


242000 

31800 

22000 

78000 

93000 

700000 

52800 

186000 

1095000 

587000 

1070000 

587000 

142500 

142500 


>10000 

10200 

18900 

20100 

20000 

24900 

34850 

35650 

49800 

60000 

61750 

72900 

75000 

102700 

105600 
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DATA  SHEET 

Energy  Conversion  System:  Gas  Turbine-Open  Cycle 

Parameter:  Required  Land  Are,  Ft2 


Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


DATA  SHEET 


Energy  Conversion  System:  Gas  Turbine-Open  Cycle 


Parameter: 

Energy 
Conve  rs ion 
Svstem  Ref. 


Startup  Time/  Shutdown  Time  (Normal) /Shutdown  Time  (Emergency) 
(Minutes) 

Parameter  Value  Plant  Assumptions  of 

Study  Operating  Plant  Size.  kW  Advanced  State  of  the  Art 


DATA  SHEET 


Energy  Conversion  System:  Gas  Turbine-Open  Cycle 

Parameter:  O&M  Cost  $/year  (not  including  overhead  and  fuel)  (1980  dollars) 


Energy 
Conversion 
System  Ref. 


Parameter  Value  Plant 

Study  Operating  Plant  Size.  kW 


Assumptions  of 
Advanced  State  of  the  Art 


G.  176 


21,280  1470 
42,500  2960 
11,250  530 
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Energy  Con vers 

Parameter: 

Energy 
Conversion 
System  Ref. 


DATA  SHEET 

ion  System:  Has  Turbine-Open  Cycle 
Acquistion  Cost,  $  (1980) 


Parameter  Value  Plant  Assumptions  of 

y  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


Stud 


DATA  SHEET 


Energy  Conversion  System:  Gas  Turbine-Open  Cycle 


Parameter:  Lifetime 


Energy 
Conversion 
System  Ref. 

Parameter  Value 
Study  Operating  Plant 

Plant 
Size.  kU 

Assumptions  of 
Advanced  State  of  the  Art 

G.  176 

20  years 

1470 

20  years 

2960 

20  years 

530 

DATA  SHEET 

Energy  Conversion  System:  Gas  Turbine-Closed  Cycle 
Parameter:  Efficiency,  % 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size.  kW  Advanced  State  of  the  Art 
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ADVANCED  COAL-FOE LED  COMBUSTOR /NEAT  EXCHANGER  TECHNOLOGY  STUOY* 
FINAL  REPORT*  MARCH  1*77 — JUNE  1*76 

ROCKWELL  INTERNATIONAL  CURP**  CANOGA  PARK*  CA  4  USA  I  •  ROCK  E  TO  YNE 
OIV. 

SSI 

Dtp.  NT  IS*  PC  A1S/MF  AOt* 

CUN  T RAC  I  tF-77~C -01  -2612 
4*76 

tUB— 200 1 02 
ECU -2 00 102 
R  l/HO — 76-2  12A 

I HIS  REPORT  IS  COHCEHNEO  PRINCIPALLY  ■  UN  THE  DESIGN  OF 
CUAL-4-IRED  CUMOU  S I  OR/HE  A  T  EXCHANGERS  SUITABLE  FOR  INPUTT  ING  THE 
HEAT  TO  HASE -LOADED*  CLOSED-CYCLE*  GAS  TURBINE*  350  MWE  • 

CENTRAL  STATION  POWER  GENERATION  SYSTEMS*  A  WIDE  VARIETY  OF 
CCGT  CYCLES  ARE  EVALUATED  TO  ESTABLISH  the  performance 
REUU  l  RE  MEN  1 S  FOR  1HE  COM  BUS  TUN /HE  A  T  EXCHANGER*  TmE  CYCLES 
FINALLY  ^ELElTEO  FOR  COM BUS TOR /HE AT  EXCHANGER  DESIGN  OPERATE  AT 
1550*  I  750*  AND  2250  F  MAXIMUM  WORK  ING-FLU  ID  TEMPERATURES*  AT 
THE  1550  F  MAXIMUM  WORK  ING -FLU  ID  TEMPERATURE*  TWO 

combust ur/heat  exchanger  preliminary  designs  are  creaieo*  one 
utilizing  the  pulverized -coal -f  imeo*  dry-bottom  furnace  firing 

CONCEPT  AND  THE  U  I  HEW  UTILIZING  THE  A TMOSPHE R 1C -PR E S SURE • 
FLUIDIZED  BED  WITH  LIMESTONE  addition  firing  concept*  in  both 
DESIGNS*  ALL  HtAT  EXCHANl^R  SURFACE  IS  METAL*  AT  THE  1750  F 
MAXIMUM  WORKING-FLUID  T£  N>ERA  T  KMt  •  THE  COMBUSTON/HE  AT  EXCHANGER 
PRELIMINARY  DESIGN  IS  BASED  UN  A  SERIES  ARRANGEMENT  OF  H ILH¬ 
AM}  LUW - It  MPtR  A  T  UME  FLUIDIZED  BEDS.  AT  2250  F  MAXIMUM 
WORK ING— FLO 1 D  TEMPERATURE*  THE  COMBOS TOR /HE A T  EXCHANGER 
PRELIMINARY  DESIGN  IS  BASED  UN  THE  SLAGGING  CYCLONE  COMBUSTOR 
CONCEPT.  HEAT  EXCHANGER  SURFACE  EXPOSED  TO  WORK ING -FLU  ID 
TEMPERATURES  ABOVE  1550  F  |N  THE  LAST  TWO  DESIGNS  IS 
CONSTRUCTED  L*=  SILICON  CARBIDE*  THE  KEY  TECHNICAL  FEATURES  OF 
the  four  preliminary  designs  are  identified  and  analyzed* 
RESEARCH  AND  DEVELOPMENT  PROGRAMS  TO  ADVANCE  THE  TECHNOLOGY  OF 

these  designs  to  a  state  of  readiness  for  commercial 
APPLICATION  ARE  outlined*  and  r  and  d  COST  estimates  are 
PRCSENTtU*  ThC  COST  UF  ELECTRICITY  PKGOUCEO  |N  TOO  MWE  STATIONS 
INCORPORAI  ING  THE  STuOIED  CCGT  CYCLES  AND  COMBUSTOR /HE AT 
EXCHANGERS  IS  ESTIMATED  AND  COMPARED  WITH  THE  COST  OF 
ELECTRICITY  IN  CONVENTIONAL  STEAM  STATIONS* 

CLOSED-CYCLE  S VS TtMSS COAL* COMB 1NEO-CYCLE  POWER  PLANTS:  Tt; 

combust  ion iciamsjs tors ;compar at ive  evaluations:  ut scost idesign: 
qi;electric  rjwer;gas  turb ines sheat  exchangers;materials; 
silicon  carbides: steam  turbines; thermodynamic  cycles; working 
fluids 
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HIGH  TEMPERATURE  TURB  11*  TECHNOLOGY  PROGRAM*  PHASE  II* 
TECHNOLOGY  TEST  AND  SUPPCJ4  T  STUDIES*  TECHNICAL  PROGRESS 
REPORT*  JANUARY  I*  1*70— MARCH  31*  1*70 

CURTISS -WRIGHT  CORP*.  WULO-R IDGE •  NJ  (USA)*  POWER  SYSTEMS  D|V* 

CW-WM - 76— 020“ AAA 

IAO 

NTIS*  PC  A07*«F  AOt* 

CONTRACT  EA-Tb-C-Ol -22*1 
APR  1*7* 

EOB -200 I 02 S 2 00 10 A 
COB— 200102 
Ft - 22*1 -AAA 

WORK  PERFORMED  ON  THE  HIGH  TEMPERATURE  TURBINE  TECHNOLOGY 
PROGRAM.  PHASE  II  -  TECHIWILOGV  TEST  AND  SUPPORT  STUDIES  OURING 
ItC  PER  I UO  FMJM  t  JANUARV  1*7*  THROUGH  31  MARCH  |*7*  IS 
SUMMARIZED*  iBJECriVES  OF'  THE  PROGRAM  ELEMENTS  AS  WELL  AS 
TECHNICAL  PRUG*SS  A  NO  PROBLEMS  DURING  THIS  PHASE  II  QUARTERLY 
REPORTING  PtftlU)  ARE  PRESENTED*  PLANNED  PROGRESS  DURING  THE 
NEAT  QUARTERLY  REPORTING  PERIOD  IS  ALSO  DEFINED*  PROGRESS  ON 
DESIGN*  FABRICATION  AND  CHECKOUT  OF  TEST  FACILITIES  AND  TEST 
RIGS  IS  DESCRIBED*  THE  LP  ENGINE  TEST  PR DURAN  THROUGH  3000S&UP 
wSF  TURBINE  INLET  TEMPERATURE  IS  OlSCOSStD*  DESIGN  AND  ANALYSIS 
OF  THE  TSTR  ENGINE  AND  SYNTHESIZED  LOW  BIU  GAS  COMPONENTS  ARE 
DISCUSSED*  SUPPORTING  MATERIALS  AND  PROCESS  INVESTIGATIONS  ARE 
REVIEWED* 

CUAT|NGS;CUMD1I*0-CVCL£  fXJWEH  PLANTS:  Tl  S  COMBOS  TORS  I  DESIGN  I 

fabrication; iris  turbines:  T2.ur.uUi  btu  gas: performances 
performance  IE  ST  ing  ;  re  search  programs:  02  ;  TECHNOLOGY 
assessment:  u2 :test  facili ties; very  high  temperature 


BUR 00632 IS 

HIGH-TEMPERA  TUNE  TURBINE  TECHNOLOGY  PROGRAM*  OVERALL  PLANT 
DESIGN  DESCRIPTION  4  UPDO)  COAL -DERIVED  LIQUID  ELECTRIC  POWER 
PLANT 

HORNER*  M* W* 

GENERAL  ELECTRIC  CD*.  SCHENECTADY*  NV  (USA)*  GAS  TURBINE  OIV* 
1*2 

NTIS*  PC  AD*>NF  A01 • 

C UNTRACT  EX-76 -C -01  -1606 
MAR  IUMA 

£00-2001021010600 
tOB— 2001*2 
FE — 1606-66 

THIS  REPUR T  uE SCRIBES  THE  COAL-OERKVED  LIQUID  COMBINED  CYCLE 
POWER  SYSTEM  C INCEPT  DEVELOPED  DURING  PHASE  II  OF  THE  US 
UtPAMTNENT  UF  ENERGY  HIGH  TEMPERATURE  TURBINE  TECHNOLOGY 
(OQE-HTTTI  PROGRAM*  the  report  defines  a  HIGHLY  reliable* 
COMMERCIALLY  VIABLE  SYSTEM  BASED  ON  COAL -OCR iVEO  LIQUID  (COL ) 
FUEL*  THIS  DEFINITION  BUILDS  ON  THE  PHASE  I  STUDY  THROUGH  ITS 
FOCUS  UN  A  LUAL-DtRIVED  LIQUID  FUELED*  HIGH  FIRING  TEMPERATURE* 
WATER-COULED  GAS  TURBINE  SYSTEM  WITH  A  STEAM  BOTTOMING  PLANT 
THAT  HAS  ONE  REHEAT  STEAM  TURBINE*  THE  CDL  FUEL  HANDLING  LANT 
AM)  bUPPUHT  SYSTEM  CONCEPTS  ARE  ALSO  BASED  ON  APPROACHES 
INITIALLY  DESCRIBED  IN  DOE  -HITT  REPORT  FE-1606-24* 

HIGH— TEMPERATURE  TURBINE  TECHNULOGV  PROGRAM*  OVERALL  PLANT 
DESIGN  DESCRIPTION*  COAL -DERIVED  LIQUID  ELECTRIC  POWER  PLANT* 
SIGNIFICANT  CHANGES  IN  TtC  HARDWARE  AND  ITS  FUNCTIONAL 
SEQUENCING  AMI  INCLUDED  AND  A  MO*E  DETAILED  EXPOSITION  OF  THE 
ORGANIZATION*  OPERATION*  AMD  CONTROL  OF  THE  INTEGRATED  SYSTEM 
IS  PRESENTED.  THE  COMBINED-CYCLE  SYSTEM  SPECIFIED  IN  THIS 
REPORT  PROVILCS  IMPROVED  FLEXIBILITY  OF  OPERATION  AS  WELL  AS 
RELIABILITY  AND  EFFICIENCY*  THE  PRO-B  GAS  TURBINE  UTILIZED  IN 
THE  SYSTEM  DESIGN  HAS  A  12 1 1  PRESSUIE  RATIO*  COMPRESSOR  INLET 
AIR  FLOW  OF  300  Ut/ SEC UNO*  AMD  A  2600SSUP  06F  FIRING 

30 


ft* 


* 


TEMPERA fUt£«  THE  PERFORMANCE  CHARACTERISTICS  OF  THE  OVERALL 
PLANT  ARE  6 1  VC  M« 

OCSCR1PTORS  COAL.  RASIF (CAT  IOHICOAC  LMUlOSl  TIICONMNIOKVaE  POVCR  PCANTSI 

1 1 1 CONTROL  SYSTEMS! UCSICM  01 ISNSINEER INSISAS  TUB*  INC  ft ILIOUI D 

foelsscom  otu  ras; specifications;  021  steam  turbines; thermal. 
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THIS  REPtRT  OC  (CRISES  THE  LOP-4 IU  COAL  CAS  COMBINED  CYCLE 
ELECTRIC  POSER  PLANT  CONCEPT  DEVELOPED  OUR  INC  PHASE  1 1  OP  THE 
US  DEPARTMENT  O’  ENERCT  NISH  TEMPERATURE  TURRttC  TECHNOLOCT 
tUOE-MTTTI  PROGRAM.  THE  HE  PORT  DEFINES  A  HIGHLY  RELIABLE. 
COMMERCIALLY  VIABLE  SYSTEM  BASED  UN  COAL-OCR1VEO  FUEL.  THIS 
OCFINIT1UN  BUILDS  ON  ANO  UPDATES  TrC  PHASE  I  STUDY  OF  THE 
LOW-BTU  COAL  GASIFICATION  COMHINEO  CYCLE  SYSTEM.  THE  STSTEN 
CONSISTS  KAIILT  OF  HIGH-TEMPERATUNE.  WATER-COOLED  GAS  TURBINES 
THAT  BURN  COAL-OER1VEO  GAS  FUEL.  AMI  A  STEAM  BOTTOMING  CYCLE 
SITH  ONE  REHEAT  STEAM  TURBINE.  THE  COAL  GASIFIERS.  LOS-BTU  GAS 
CLEANUP.  AMI  PLANT  SUPPORT  EQUIPMENT  DCF  IN  IT  IONS  ARE  ALSO  BASED 
ON  APPROACHES  INITIALLY  DESCRIBED  IN  OOE-H1TI  REPORT 
FE-140 HIGH— TEMPERA  IUKE  TURBINE  TECHNOLOGY  PROGRAM. 

OVERALL  PLANT  LESION  DESCRIPTION.  LOS-BTU  COAL  GAS  ELECTRIC 
PURER  PLANT.  SIGNIFICANT  CHANGES  (FROM  PHASE  II  IM  THE  HARDS  ARE 
AMI  ITS  FUNCtllMAL  SEUUENCING  ARC  INCLUDED  AMI  A  MORE  DETAILED 
DESCRIPTION  OF  ThE  ORGANIZATION.  OPERATION.  ANO  CONTROL  OF  THE 
INTEGRATED  SYSTEM  IS  PRESENTED.  THE  MAIN  CHANGES  ARE  THE 
ALOITION  OP  A  RAN  GAS  STEAM  GENERATOR  IRGSGI  AT  THE  GASIFIER 
EXIT  AND  THE  USE  OF  THE  SMALLER  PKO-4  GAS  TURBINES  IN  LIEU  OF 
THE  PRO-7  GAS  TURBINES.  THE  COMBINED-CYCLE  STSTEN  SPECIF  IEO  IN 
THIS  REPORT  MOV  IOCS  IMP  MOVED  FLEXIBILITY  OF  OPERATION  AS  BELL 
AS  MELIAM1LITV  AMI  EFFICICNCT. 

CALORIFIC  VAUJtiCXMICAL  COMPOS  IT  ION|  COAL  GASIFICATION! 
COMBINED-CYCLE  FUSER  PLANTS!  TllbOMIROL  SYSTEMS! COST IOESIGNT  Oil 
ELECTRIC  PC  SB!  lENGI  NEERI M.  iEUU  IFMENT  !  FLOMSIEETS I  FUEL  GASiGAS 
TUHBINESILOB  BTU  GASIPUR  IF  IC AT ICM I  STE AM  TURB  IMESI  THERMODYNAMIC 
CYCLES •  SAT ER  TREATMENT 
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ASPECTS  10  MEETING  COMPLEX  INDUSTRIAL  ENERGY  OCNANO  PATTERNS 
USING  RECUPC GATED  GAS  TURBINES 
LOSDER.  J.R.A. 

GEC  POSEN  CNGIMIERINC.  SHE  TSTONE.  ENGLAND 
ENERGY  FOR  INDUSTRY 
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173- IBS 
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FOR  MANY  YE  AM  GAB  TURNIMS  HAVE  BEEN  SUCCESSFULLY  EMPLOYED  IN 
COMBINED  HEAT  AND  POSER  ICNPI  SCHEMES  MNEME  THE  LOCAL  ENERGY 
DEMAND  PATTEN)  HAS  SEEN  SUITABLE.  HE  NORMAL  PREREQUISITE  FOR 
THIS  MAS  BEEN  THE  EXISTENCE  OF  A  PROCESS  HEAT  REUUIREMERT  SUCH 
THAT  THE  SITE  MAT  TO  POSES  MATIO  REMAINS  REASONABLY  CONSTANT 
THROUGHOUT  t«  tear,  hosever.  rant  industrial  BITES  fall  INTO  A 
SECOND  CATEGUTT  CHARACTERISED  BY  TT«  ABSENCE  OF  A  PROCESS  »CAT 
DEMAND.  THESE  SITES  CAN  ME  EXPECTED  TO  EXHIBIT  LARGE  DAILY  AMI 
SEASONAL  VARIATIONS  IN  HEAT  TO  PUBER  RATIO  AND  SOULO  NORMALLY 
BE  CONSIDERED  !M SUITABLE  FOR  GAS  TURBINES  ANO  PERHAPS  ONLY 
MARGINALLY  SUITABLE  POR  DIESEL  ENGINES.  THESE  PROBLEMS.  AMONG 
MANY  OTHERS.  HAVE  CONTRIBUTED  TO  THE  RELATIVELY  SLOB  GROWTH  OP 
INDUSTRIAL  OR  OVER  THE  PAST  TSD  DECADES.  MOW  RECUPERATED  GAS 
TURBINES.  IN  C(M JUNCTION  WITH  APPROPRIATE  CONTROL  STRATEGIES. 
ARE  ABLE  TO  ACCOMMODATE  A  WIDEN  VARIATION  OF  POWER  DEMAND 
PATTERNS  Bl  TtOUT  INVOLVING  EXCESSIVE  HEAT  TOPPING  OR  DUMPING  IB 
ILLUSTRATED.  TMIEE  DISTINCT  CONFIGURATIONS  OF  CHP  PLANT  ANO 
ASBOCIATkO  COSTMOL  ARE  IDENTIFIED.  WITH  THE  OPTIMUM  DEPENDING 
UN  DETAILS  OF  THE  ANNUAL  DISTRIBUTION  OF  HEAT  AND  POWER 
REQUIREMENT .  A  I  HER  MOOT*  AM  IC  ANALYSIS  OF  TNI  PROPOSED  SYSTEMS 
IS  GIVEN  ANO  SUPPORTED  BY  THE  RESULTS  OF  A  COtRUTEN  SIMULATION 
BASED  ON  THE  NEASIWEO  ENERGY  PROFILE  UF  AN  INDUSTRIAL  SITE 
MEU  THE  HEAT  TO  POSER  RATIO  BAS  OBSERVED  TO  VARY  FROM  S.S  TO 
II. S  THROUGHOUT  TIE  TEAR.  ENERGY  AND  COST  SAVINGS  ARE  PRESENTED 
POR  THE  THREE  CONFIGURATIONS  AMI  A  DISCUSSION  ON  THE  PRACTICAL 
ENGINEER  INS  ASPECTS  IS  ALSO  INCLUOEO.  FINALLY.  AREAS  REOUIRIM 
PURTtRR  NESEARO)  ARE  IDENTIFIED. 

CO-GENE  RAT  I  ONI  T3ICONPUTER  IZCO  S 1  HULA  T  ION  I  CO  ST  I  ECONOMIC!  t  04* 
EMNGY  CBN  GUN1  T I  ONI  ENERGY  OENANOI  TttC  VALUAT I  ON  (GAS  TURBINE 
I4.DJIHEAT  EXCHANGER  SI  HE  AT  RECOVERT  EQUIPMENT!  0>  I  INDUSTRIAL . 
PLANTS!  1  MX/S  SI  VI  Tl  I  PE  RF  OR  NANCE  I  04IP0SCR  OENANOI  Dll 
THERMODYNAMIC  CYCLES 
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THE  PC  AN  *-  OR  PFBC  DEVELOPMENT  PAS  IMPLEMENTED  IN  SEVERAL  WAVS* 
INITIALLY*  LABOR ATONY  R I  US  WERE  SET  UP  AMO  TESTS  WERE  COMOUCTEO 
TU  EVALUATE  *E  V  AREAS  UNUER  SIMULATED  CONDITIONS*  WHILE  THIS 
PROVIUEO  A  TIMELY  ANO  COST  EFFECTIVE  APPROACH  FOR  SCREENING  OR 
PARAMETRIC  STUDIES  AND  VtCRE  LONG  TERM  OPERATION  WAS  NOT  THE 
OBJECTIVE*  FATHER  DATA  MAS  NECESSARY  UMOER  CONDITIONS 
DUPLICATING  A  COAL-F IHfcO  LARGE  OR  FULL  SCALE  PFb  COMBUSTION 
SYSTEM.  IHEREFCME*  A  LARGE  SCALE  PFB  TECHNOLOGY  RIG  WAS  BUILT 
USlNt*  FULL  SCALE  BE D  INTERNAL  HARDWARE  TO  PRO V IOC  PULL  SCALE 
CIRCULATION  AND  COMBUSTION  PATTERNS.  F INALLY •  A  MEANS  OP 
DETERMINING  LO"*  TERM  SERVICE  OPERATION  ON  CANDIDATE  MATERIALS 
OF  CUNSTkUCTION  WAS  NECESSARY  FOR  SELECTION  OP  THE  ALLOYS 
ANO/OR  COAT  1  M»  SYSTEMS  T  HA  T  WILL  WlVHSTANO  THE  COMMERCIALLY 
RELATED  EXPOSURE  TIMES.  FERMtSSlON  WAS  OBTAINED  PROM  SEVERAL 
COMMERCIAL  CLIENTS  OPERATING  DORR -OLIVER  DESIGNEO  PLUIDIZCO  BED 
REACTORS  TO  INSTALL  HEAT  EXCHANGER  TUBES  IN  THEIR  UNITS  FOR 
EXTENOED  EXPUS  ORE  PERIOOS.  THE  TEST  DATA  PROM  THIS  STEPPING 
STONE  APFROAOi  TOWAHO  PFbC  DEVELOPMENT  CAN  BE  APPLIED  TO 
UTILITY  O£MQ»0  THAI  I  ON  UNITS.  INDUSTRIAL  COGENERATION  SYSTEMS. 
AND  A  VARIETY  CP  FBC  APPLICATIONS  FOR  ENERGY  INTENSIVE 
INDUSTRIES  AND  ULTIMATELY  CAN  BE  USED  TO  EXPLOIT  THE 
COMMERCIALIZATION  POTENTIAL  OP  THE  PFB  TECHNOLOGY. 

COAL-  T I .COMBINED-CYCLE  WJWfck  PLANTS 5 COMMERC IALIZAT1QN  (DESIGNS 
FLU1DI ZED-BED  COMBUST  ION  •  Q I JFLU I D IZED-BED  COMBUSTORS:  T2 SGAS 
TURBlNESiHEAT  TRANSFER:  02  SMATER I ALS  TESTING:  02 .MEDIUM 
PRESSURE .NIT  Ml  GEN  OXIDES  (PARTICLE  SIZE (PILOT  PLANTS S SULFUR 
DIOXIDE;  TEST  FACILITIES:  02 
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THE  AEP/ST AL-L AVAL  PROGRAM  AND  THE  PHASE  II  ACTIVITIES  ARC 
DESIGNED  IU  PNOVIOC  I  HE  TECHNICAL.  ANO  ECONOMIC  I  ME  ON  NATION 
REQUIRED  TO  EVACUATE  THE  PRACTICALITY  OF  UTILIZING  PFBC  FOR 
ELECTRIC  POWER  GENERATION.  THIS  APPROACH  IS  THOUGHT  TO  BE  BOTH 
PRUDENT  ANO  EXPEDIENT  IN  ORDER  TO  COMMERCIALIZE  PFBC  IN  A 
TIMELY  FASH  1  CM .  TOOAY *  UTILITIES  MUST  CONSIDER  SEVERAL  HIGHLY 
VARIABLE  FAC  TORS  WHILE  PLANNING  NEW  GENERATION.  THESE  FACTORS 
INCLUDE  ENVIRONMENTAL  AND  SITE  RESTR I CT IONS.  HIGH  COST  OF 
CAPITAL.  UNCERTAIN  LOAD  LNQW IM  PROJECTIONS  ANO  CONTINUED 
ESCALATION  OF  POWER  PLANT  ANO  FUEL  COSTS.  THE  PFBC  TECHNOLOGY 
AlORESSES  THESE  ISSUES  IN  THAT  II  HAS  PROVEN  TO  MEET  OR  EXCEED 
EPA*S  PROPOSED  NEW  SOURCE  PERFORMANCE  STANDARDS.  ITS  CAPITAL 
COST  AND  CONSTRUCTION  T I «  IS  LOWER  IN  COMPARISON  WITH 
PROJECTED  TO  BE  CURRENT  TECHNOLOGIES.  IN  ADOITION.  TIC  500  MW 
PFBC  PLANT  ALL  UBS  A  RAPID  RESPONSE  TO  LOAD  GROWTH  REQUIREMENTS 
BECAUSE  UF  ITS  SHORTER  CONSTRUCT  ION  TIME  AM)  STANDARDIZED 
DESIGN.  THE  PFBC  TECHNOLOGY  WHILE  ADDRESS  ING  MANY  OF  THE 
VARIABLES  THAT  UTILITIES  FACE  TODAY.  ALSO  HAS  GOOD  POTENTIAL 
FUN  CYCLE  EFFICIENCY  IMPROVEMENTS.  THIS  FEATURE  WILL  INCREASE 
THE  ATTRACTIVENESS  OF  PFBC  AS  COAL  PRICE  CONTINUES  TO  ESCALATE. 
COALT  TliCOMbllCO-CYCLE  TOWER  PLANTS:  T3iC0MMERCl ALIZATION:  02: 

control  systems:  qsidesignsengineeringifeasibilitv  stuoies; 

FLUIOIZEO-BEO  COMBUSTION:  T2 .0  I IFLUID 1ZE0-BE0  COMBUSTORS: GAS 
TiMBINES:MEOIUM  pressure  iSTEAM  TURBINES!  TEST  FACILITIES:  02 
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EROSION  STUOT  IN  TURBOHACH INERT  AFFECTED  BY  COAL  ANO  ASH 
PARTICLES.  AAMUAL  PROGRESS  REPORT.  NOVEMBER  I.  1978-OECEMBER 
31.  1V79 

TABAXOFF.  W.l  HARED.  A.;  R  AMACMANORAN.  J.t  KOTWAL.  R.t  BEACHER . 

B. 

CINCINNATI  UNIV.  .  OH  (USA).  DEPT.  OF  AEROSPACE  ENGINEERING  ANO 
APPLIED  MECHANICS 
I  17 

NTIS.  PC  A06/MF  AOI  • 

CUN  I  RAC  T  EX-76-C-0I-2W6S 
FEB  ICoO 

1 00-200104!  360  lOSiOlObOO 
ECU— 200 1  04 
Ft - 2465-12 

Tl-WEE  ALLOYS  WERE  TESTED  IN  THE  TEST  FACILITY  WHICH  HAS  BEEN 
OESIGNED  TO  SIMULATE  THE  AERODYNAMIC  AM)  THERMODYNAMIC 
L0N0I1I0NS  IN  THE  TURBINE.  THE  EFFECTS  ON  EROSION  DUE  TO  THE 
Hl-M  TLMPEATLHE  COAL  ASH  GAS  SIREAM  WAS  DETERMINED  AT  SEVERAL 
GAS  TEMPLRATLHES.  particle  VELOCITIES  ANO  ANGLES  OF  ATTACK.  THE 
IfcS  I  RESULTS  FOR  304  STAINLESS  SlbEL.  RENE  At  AND  A2B6.  ANO  THE 
CURHESPONOING  CONCLUSIONS  ARE  PRESENTED.  IN  ADDITION.  A  SERIES 
UF  EAPERIRENIS  WERE  CUNOUC  TED  TO  DETERMINE  THE  EFFECTS  OF  FLY 
ASH  CONSTITUENTS  ON  TrE  EROSION  OF  IRON  ANO  NICKEL  BASE  ALLOYS. 
A  NEW  SERl-EMMR  ICAL  EQUATION  HAS  BEEN  OBTAINED  FOR  THE 
PREDICT  ION  UF  METAL  EROSION  DUE  TO  THE  FLV  ASH. 
eUUATIONSSERUS  ION!  T4  ,D.  02  .  03 1  EXP  ER I  MENT  AL  oata:  OIFLY  ASHI 
FCPt  CAST  ING  IGA  S  TURBINES:  Tl  .DIGRAPHS:  O  !  MATER  1  ALS  !  01! 
MATERIALS  TEST  ING  iMATHEMAT  ICAL  lEJOELS!  04  .0 !  RENE  411  T3.D! 
STAINLESS  STEEL-304!  T2  ,  D!  STAI NLESS  STEELS  I  TABLES:  D! 
TEMPERATURE  DEPENDENCE  !  TURBI NE  BL  ADES  i  VELOC  I  IT 
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16S-MW  CO  AC  “♦■'into  PFtt  FOR  OPERATION  BY  19B5 
FANNER.  R* 

CAS  TURBINE  W«LO.  V*  10  •  NO*  I*  PP*  22-24*  20 
MAR  1900 
EOB -200104 
£06—200104 

BY  1 90S*  A  IBS -MV  COMBINED  CYCLE  PLANT  MODULE  OPERATING  ON  HIGH 
SULFUR  COAL  BURIED  IN  A  PRESSURIZED  FLUIDIZED  BED  SYSTEM  AND 
MEETING  ALL  PROPOSED  EMISSION  REGULATIONS  WITHOUT  STACK  GAS 
SCRUBBERS  COULD  BE  IN  COMMERCIAL  UTILITY  OPERATION*  A 
COMBINATION  OF  THREE  OF  THESE  MOOOLCS  INTO  A  NOMINAL  500 -MW 
CENTRAL  STATION  COULO  GO  OPERATIONAL  SEVERAL  YEARS  AFTER  THAT* 
OFFERING  LOVER  CAPITAL  COSTS  AND  A  BETTER  (CAT  RATE  THAN 
PULVERIZED  COAL  STEAM  PLANTS  FOR  BASE  LOAD  POVER  GENERATION* 

THE  PROGRAM  Hr  CURT  I SS-VRIGHT  POVER  SYSTEMS  TO  MEET  THE 
PROJECTED  T l»C  TABLE  IS  OESCR IbCO* 

COAL i COMBINED-CYCLE  POVER  PLANTS:  T25 COST; ENVIRONMENTAL  EFFECTS* 
FLUID 1ZED-BLD  COMBUSTIONS  O I *02 SFUSSI L-FUEL  POVER  PLANTS!  T1«D| 
GAS  TUHBINESIGRAPHS:  01 NUMERICAL  DATA:  O SOPERAT ION S PERFORMANCE S 

oshegulations: scrubbers:  specif ications:  ot  »q2*o;sulfi*  stables: 
ustesting 
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HIGH  TEMPERATURE  GAS  TURBINE  ENGINE  COMPONENT  MATERIALS  TESTING 
PRUGRAMI  task  I*  FIRESIDE  I*  FINAL  REPORT 

GENERAL  ELECTRIC  CO**  SCHENECTADY.  NY  (USA)*  GAS  TURBINE  DIV* 
*66 
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EUB-200104 
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THIS  PROGRAM  WAS  DESIGNED  TO  EVALUATE  THE  EFFECT  OF  THE 
COMBUST |(B  PRODUCTS  OF  COAL-OER1VCO  FUELS  ON  CURRENT  AND 
PO VENT  I AL  MATERIALS  USEO  IN  GAS  VURB1NE  HOT-SECTION  COMPONENTS 
AM)  ON  THE  PLUGGING  OF  CuOLlNG  HOLES  IN  AlR-COOLEO  AIRFOILS* 
ATMOSPHERIC “IRES SURE  SMALL  BURNER  RIGS  AND  TURBINE  SIMULATORS* 
EACH  OF  WHICH  CONSISTED  OF  A  COMBUSTOR  OPERATING  AT  ELEVATED 
PRESSURES  AND  DESIGN  AIR  FLOWS  EQUIPPED  WITH  A  SEGMENT  OF  A 
FIRST-STAGE  MIZZLE*  WERE  USED  IN  THESE  EVALUATIONS*  ALKALI 
CONVERSION  TESTS  WERE  CONDUCTED  IN  SMALL  BURNER  RIGS  AND  IN  THE 
TURBINE  SIMULATOR  TO  DETERMINE  WHETHER  ALKALI  METALS  IN 
MINERALS  (SILICATES*  ALUMINO-SlLlCATES*  ETC* I  CONVERT  TO 
CORROSIVE  VACR-SOLUBLE  FORMS  (SULFA ICS)  DURING  COMBUSTION*  IT 
WAS  FOUND  THAT  SUFFICIENT  ALKALI  IS  RELEASED  FROM  THE  SILICATE 
HOST  TO  PRODUCE  AGGRESSIVE  DEPOSITS  OF  NAS SUB  2* SO* SOB  44  ANO 
KSSUB  2  * SO* SUB  44*  ANO  THAT  MORE  NA  THAN  K  IS  RELEASEO* 
SCREENING  TESTS  WERE  CONDUCTED  IN  SMALL  BURNER  RIGS  TO 
DETERMINE  THE  CORROSIVE  EFFECTS  OF  THE  ALKALI  CONTAMINANTS  NA 
AMI  K  EXPECTED  IN  COAL-OERIVED  LIQUIDS*  THE  TVCNTY-ONC 
MATERIALS  TESTED  IN  ORDER  OF  DECREASING  RESISTANCE  TO  HOT 
CORROSION  AT  I6O04SUP  04F  WERE  CERAMICS*  COATINGS  AND 
CLADDINGS*  ADO  CO-  AND  N I— BASE  ALLOYS*  POTASSIUM*  IN 
COMBINATION  «1 TH  NA *  IS  MORE  AGGRESSIVE  THAN  NA  ALONE*  AND 
CORROSION  INCREASEO  WITH  INCREASING  POTASSIUM  IN  DEPOSITS* 
RELAVIVE  CORROSION  RESISTANCE  RANKING  OF  MATERIALS  AGAINST  NA 
ALONE*  HOWEVER*  IS  THE  SANE  AS  IN  TESTS  WITH  NA  AND  K  COMBINED* 
PARTS  LIFE  ESTIMATES  WERE  DETERMINED  FOR  REPRESENTATIVE  Nl-  ANO 
CO-BASE  ALLOYS*  THE  CO-BASE  COATINGS  ANO  CLADDINGS*  AMO  THE 
CLADDING  FECHALV*  THE  ESTIMATES  WERE  FOR  SEVERAL  METAL 
PENETRATIONS*  FUEL  CONTAMINANT  LEVELS  OF  2  PPM  NA  AMD  I  PPM  K 
TO  10  PPM  NA  AND  20  PPM  K*  PRESSURES  OF  S  ATM  TO  15  ATM  AND 
TEMPERATURES  OF  1400  TO  I0004SUP  OOF* 

COAL  GAS1FICAT ION* COBALT  BASE  ALLOYS! COMB IME O-CYCLE  POVER 
PLANTS SCUM6U ST  ION  PRODUCTS:  T3 *02 ICORROS ION  PROTECTIONS  Oil 
CORROSIVE  EFfECTSS  U3IGAS  TURBINES!  T 1 ILOV  BTU  GASS  T2* 
MATERIALS  TEST INGIN ICKEL  BASE  ALLOYS I PROTECT  I VE  COATINGS:  01  I 
RESEARCH  PROGR AM SI SULFATES * VERY  HIGH  TEMPERATURE 
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GENERAL  ELECTRIC  CO.  • 

AfO  development  DEPT. 

62 
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SEP  1979 
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EDO-2001  04 
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A  S  T  £  AM  —  IN  J  E  CT  60  GAS  TURBINE  WAS  COMPAREO  TO  THE  SIMPLE  CYCLE 
GAS  TuRBiNt  AND  IQ  A  COMBINED-CYCLE  GAS  TURBINE  ON  THE  BASIS  OF 
EFFICIENCY.  SPECIFIC  WORK.  AND  ECONOMICS  IN  PRODUCING 
ELECTRICITY.  !►«  SELECTED  OPERATIN'*  RATIO  OF  STEAM  TO  AIR-FLOP 
MAS  APPROPRIATE  FOR  bOTH  PEAK  EFFICIENCY  AND  FOR  LIMITATION  OF 
A  VISIBLE  WHITE  EXHAUST  PLUME.  MORE  COMPLEX  STEAM  INJECTION  GAS 
TURBINE  CYCLES  WERE  NO?  JUSTIFIED  BY  SUPERIOR  ECONOMICS  OR 
PERFORMANCE.  ThC  ECONOMIC  COMPARISONS  SHOWED  POTENTIAL 
ADVANTAGE  FOR  THE  S IE AM- IN JEC TED  gAS  TURBINE  AT  VIRTUALLY  ALL 
ELECTRIC  UTILITY  CAPACITY  FACTORS  FOR  USE  AS  COMPAREO  TO  THE 
simple-cycle  gas  turbine,  the  steam-injected  gas  TURBINE  SHOWS 
THE  POSSIBILITY  OF  A  COST  OF  ELECTRICITY  COMPARABLE  TO  COMBINED 
CYCLES  AT  HUHER  CAPACITY  FACTORS. 

COMB  IN  ED -CYCLE  POWER  PLANTS:  T j.U (COMPAR A T I VE  EV  ALUAT  IONS;  COST  S 

o;elonomic  analysis:  ul »uj »o;eff ic iency:  d;elecyril  power:  o; 

GAS  IURB1NE  POWER  PLANTS  iGAS  TURBINES!  T  I,  DIGRAPHS:  D.NUMER I  CAL 

data:  d; per  fur mance :  gi.uj;puwer  generation; steam  injection:  oi; 
tables:  o 
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LUNG-TERM  MATERIALS  TEST  PROGRAM*  UUARTERLY  PROGRESS  REPORT. 
OCIOdER-UtCEl«ER  1979 

GENERAL  LlECIRIC  CO..  SC  *CN£C  I  ADY  •  NY  (USA).  ENERGY  SYSTEMS 
PROGRAMS  DtPT. 
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MATERIALS  ARE  TO  uE  TESTED  FOR  PROTECTION  OF  GAS  TURBINES  FRON 
CURRUSION  CAUbED  BY  ALKALI  |N  THE  EFFLUX  FROM  A  PRESSURIZED 
FLUlDlZEu-BED  COMBUSTOR.  THE  TtST  FACILITY  ANO  TEST  SECTIONS 
AmE  DESCRIBED.  (OLC) 

coal; combust  ion  products  ;corrosion;fluidized-bed  combustors; gas 
turbines:  ti  .materials  testing:  oi ’.research  programs;test 
FAC  ILIT ICS 


ACCESSION  NO. 
TITLE I MONO  > 

CORPORATE  AUTH 

PAGE  NO 
AVAILABILI TV 
CONTRACT  NO 
0ATE 

CATEGORIES 
PRIMARY  CAT 
REPORT  NO 
ABSTRACT 


DESCRIPTORS 


BOX 00664** 

LONG  TERM  MATERIALS  TEST  PROGRAM.  QUARTERLY  PROGRESS  REPORT. 
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OBJECTIVE  OF  THE  PROGRAM  IS  TO  IDENTIFY  CORROSION-RESISTANT 
MATERIALS  FOR  POTENTIAL  USE  IN  A  GAS  TURBINE*  A  TEST  RIG  HAS 
BEEN  UEVISEO  FOR  DETERMINING  ThE  LONG-TERM  EFFECTS  OF 
coal-fueled  PRESSURIZED  fluidized-bed  combustor  EXHAUST  GAS  ON 
SUCH  MATERIALS.  TIC  TEST  IS  DESCRIBED.  (OLC) 

COAL ;COMbl NEO-CYCLE  POWER  PLANTS:  T| (CORROSION  RESISTANT  ALLOYS! 

exhaust  gases; fluid izEO-bEO  lom*ustors;gas  turbines:  tz; 

MATERIALS  testing:  Ul - <2 (RESEARCH  PROGRAMS l TEST  FACILITIES 
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CERAMICS  SUCH  AS  SILICON  NITRIDE  AND  SILICON  CARBIDE  ARE 
ClRRENTLV  RECEIVING  A  GREAT  DEAL  OF  ATTENTION  AS  POTENTIAL 
MATERIALS  FOR  ADVANCED  GAS  TURBINE  ENGINES*  THE  PRIMARY 
advantage  UFFCREO  BY  CERAMICS  IS  THEIR  high  TEMPERATURE 
CAPABILITY,  PUCn  CAN  RESULT  IN  TURBINE  ENGINES  OF  IMPROVED 
EFFICIENCY*  OTHER  ADVANTAGES  WHEN  COMPARED  PITH  THE  NICKEL  AND 
COBALT  ALLOYS  IN  CURRENT  USE  ARE  RAM  MATERIALS  AVAILABILITY* 
LOWER  WEIGHT*  EROSION/CORROSION  RESISTANCE*  ANO  POTENTIALLY 
LOWER  COST*  THE  USE  UF  CERAMICS  IN  THREE  DIFFERENT  SIXES  OF  GAS 
UA4BINE  tNGItCS  -  LARGE  UTILITY  TURBINES*  ADVANCED  AIRCRAFT 
TURBINES*  ANO  SMALL  AUTOMOTIVE  TURBINES  -  IS  DISCUSSED*  SPECIAL 
CONSIOEHAT IONS  ARISING  FROM  THE  SUBSTITUTION  OF  CERAMICS  FOR 
HIGH  TEMPERA  IURE  ALLOYS*  UNIQUE  TO  EACH  OF  TtCSE  APPLlCAT IONS* 
ARE  OUTLINEO* 

CERAM | CSS COMPARATIVE  EVALUATIONS:  01 .02 >03 SCORROS ION 

resistance:  mi *o2*o3;cost;densi tysgas  turbines:  tsmetalssnickel 
base  alluys:  r 3; silicon  carbioes:  T2i silicon  nitrides:  ti; 

SURF  ace  COATING:  03 
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HIGH  YEMPERAIURE  TURBINE  TECHNOLOGY  PROGRAM*  PHASE  II* 
TECHNOLOGY  TEST  ANO  SUPPORT  STUDIES*  TECHNICAL  PROGRESS 
REPORT*  JULY  I*  I97B-SEPTEM8ER  30*  1976 

CURTISS -WRIGHT  CURP**  WOOD-RIDGE*  NO  (USA)*  POWER  SYSTEMS  OKV* 
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OCT  1970 
EDB-200104 
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WORK  PERFORMED  ON  THE  HIGH  TEMPERATURE  TURBINE  TECHNOLOGY 
PROGRAM*  PHASE  II  -  TECHNOLOGY  TEST  AND  SUPPOR T  STUDIES  DURING 
THE  PERIUO  Fn)M  JULY  1*  I97B  THROUGH  SEPTEMBER  30*  1976  IS 
SUMMARISED*  lBJECTIVES  OF  THE  PROGRAM  ELEMENTS  AS  WELL  AS 
TECHNICAL  PROGRESS  ANO  PROBLEMS  DURING  THIS  FOURTH  PHASE  II 
REPORTING  PEMOO  ARE  PRESENTED*  PLANNED  PROGRESS  DURING  THE 
NeXT  REPORTING  PERIOD  IS  ALSO  DEFINED*  PROGRESS  ON  OESIGN* 
FABRICATION*  AhO  CHECKOUT  OF  TEST  FACILITIES  ANO  TEST  RIGS  IS 
OESCR1BEO*  CASCADE  TESTING  OF  TURBINE  VANES  WAS  CONDUCTED  IN  A 
PARTICULATE-LADEN  3400ASUP  OAF  (MAX*)  GAS  STREAM*  ANALYTICAL 
PREDICTIONS  iP  LP  ENGINE  PERFORMANCE  ARE  DISCUSSED.  PREPARATION 
AND  EARLY  TESTING  OF  SPECIMENS  FOR  MATERIALS  TESTING  IS 
REV1EWE0* 

COAL  GAS IF (CAT ION.COMB 1NED-CYCLE  POWER  PLANTS:  Tl {COMBUSTION) 
OESIGN ) FOSSIL-FUEL  POWER  PLANTSIGAS  TURBINES:  T2*01SL0W  BTU  GASS 
MATHEMATICAL  MODELS SPERPt* NANCE  TEST INGSREL1 ABILI TV SRC SEARCH 
PROGRAMS:  U21TEST  facilities 
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EROS  ION/CORR4JS  ION  OF  SMALL  SUPERALLOV  TURBINE  ROTORS  OPERATING 
IN  THE  EFFLUENT  OF  A  PFB  COAL  COMBUSTOR 

ECLLARS*  G*R*S  BEfPORD*  S*M.  S  ROWE*  A*P*S  LOWELL*  C*E* 

LEWIS  RESEARCH  CENTER*  CLEVELAND*  UH 

ADVANCED  MATERIALS  FOR  ALTERNATIVE  FUEL  CAPABLE  DIRECTLY  FIREO 
HEAT  ENGINES 

FAIRBANKS*  J*W*|  STRINGER*  J*  (EOS* 

BBT— 912 

OEP*  NT IS*  PC  A99/MF  AOI* 

CONFERENCE  ON  AO VAN CEO  MATERIALS  FOR  ALTERNATE  FUEL  CAPABLE 
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PRIMARY  CAT  EO0-42  1  OOO 

REPORT  NO  CONF -790749 

AMS TRACT  INTEGRALLY  CAST  ALLOY  7I3LC  AND  IN 792  ♦  HP  SUPERALLOY  TURBINE 

ROTORS  IN  A  SINGLE  STAGE  TURBINE  M1TH  MX  PARTIAL  ADMITTANCE 
HAVE  SEEN  OPERATED  IN  THE  EFFLUENT  OF  A  PRESSURIZED  FLUIDIZED 
BED  COAL  COMbUSTOR  FOR  UP  TO  164  HOURS*  TOTAL  MASS  FLOW  MAS  300 
KG/HR  ANO  AVERAGE  PARTICULATE  LOADINGS  RANGED  FROM  bOO  TO  2000 
PPM  FOR  SEVERAL  C  UAL /SDR  SENT  COMBINATIONS*  A  S.S  ATM  TURBINE 
INLET  GAS  PRESSURE  ANO  IN.ET  GAS  TEMPERATURES  FROM  700  TO 
600SSUP  0*C  Y I  EL DEO  ABSOLUTE  GAS  VELOCITIES  AT  THE  STATOR  EXIT 
OF  ABOUT  SOO  M/S*  THE  ANGULAR  ROTATION  SPEED  140*000  RPM)  OF 
THE  O-INCH  DIAMETER  WUTORS  MAS  EQUIVALENT  TO  A  TIP  SPEEO  OF 
ABOUT  300  M/S*  AND  AVERAGE  GAS  VELOCITIES  RELATIVE  TO  THE 
ROTATING  SURFACE  RANGED  FROM  260  TO  330  M/S  AT  MEAN  RAOIUS*  THE 
ROfOR  EROSION  PATTERN  REFLECTS  HEAVY  PARTICLE  SEPARATION  WITH 
SEVERE  (5  TO  SOO  cM/VR>  EROSION  AT  THE  LEADING  EOGE *  PRESSURE 
S10E  CENTER*  AX)  SUCTION  SIDE  TRAILING  EDGE  AT  THE  TIP*  THE 
EROSION  DISTRIBUTION  PATTERN  PROVIDES  A  SPECTRUM  OF 
EROS 1UN/UX IDA? iON/DEPOS I T I ON  AS  A  FUNCTION  OF  BLADE  POSITION* 
THIS  SPECTRUM  INCLUDES  E 19-1  AN  CEO  OXIDATION  (10  TO  100  X  AIR), 
MIXED  OXIOES  IN  EXPOSED  DEPLETION  ZONES*  SULFUR  RICH  OXIDES  IN 
DEPOSITION  ZONES,  AND  RUGGED  AREAS  OF  EROSIVE  OXIDE  REMOVAL* 
ALTHOUGH  PARTICLE  SEPARATION  ANO  EROSIVE  DAMAGE  MILL  BE  MUCH 
LESS  SEVERE  IN  LARGE  TURBINES  OPERATED  AT  LOMER  PATICULATE 
levels*  these  data  suggest  that  preferential  degradation  paths 

MAY  EXIST  EVcN  UNDER  THE  TARGETED  LONER  LOADINGS  (<200  PPM) 
BECAUSE  OF  Tt£  DIVERSITY  OF  POTENI1AL  EROS lON/CORROS ION 
INTERACTIONS  ALONG  EROSION  PaThS* 

DESCRIPTORS  COAL  (COMBUST  ION  PRODUCTS  iCORROS  ION:  0  1  SOEPOS  1 T  ION  (EROS  IONS  Ql( 

FLUIDIZEU-UCD  COMBUST  ION (FLU ID  I ZEO -BEO  COMBUSTORS (GAS  TURBINES: 

I l( 1MPUR1I |ES(MATER1ALS:  u I (MEDIUM  PRESSURES  OX 10AT ION ( PART ICLESS 
TEST  FACILITIES!  TURBINE  BLADES 
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STRAINS  AROUMJ  THE  DISPERSED  PHASER  ON  THE  PEIERLS  STRESS  ANO 
MECHANICAL  PROPERTIES  OF  DISPERSION  HARDENED  COATINGS  HAVE  BEEN 
IDENTIFIED*  NB8ASUB  29*  NB-NBC .  TI-TIB9SUB  29*  AND  TI-TIC 
COATINGS  ARE  CURRENTLY  BEING  DEPOSITED  BY  DUAL  SOURCE  ELECTRON 
BEAM  EVAPORATION*  EXPERIMENTAL  RESULTS  FROM  THESE 
INVESTIGATION  MILL  BE  REPORTED  AT  A  LATER  OATE* 
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|«U  METHUQS  ARE  StinC  PURSUED  TO  ACHIEVE  HIGHER  TURBINE  INLET 
TEMPER A  fid  ES •  ONE  RELATIVELY  NtAR-TEMM  APPROACH  INVOLVES  THE 
USE  JF  AuVANCEO  COOLING  TECHNIQUES  Ml  IN  METALLIC  NOZZLES  A  NO 
BLADES*  YHlLfc  SOME  PERFORMANCE  PENALTY  IS  IMCURREO  DUE  TO  THE 
HIGHER  COOLING  REQUIREMENTS*  THE  NET  EFFECT  IS  A  SIZABLE 
PERFORMANCE  IMPROVEMENT*  THE  OTHER  APPROACH  USES  CERAMIC 
MATERIALS  THAT  REQUIRE  LlllLE  UR  NO  COOLING  FOR  AEROOYNAM | C 
COMPONENTS*  THUS  ACHIEVING  THE  FULL  BENEFIT  OF  THE  HIGHER  GAS 
TEMPERATURE*  THE  DEVELOPMENT  REUUIREMENT  IMPLICIT  IN  THIS 
DESIGN  MEANS  THAT  THIS  APPROACH  MILL  NOT  BE  AVAILABLE  FOR  SOlC 
TIME*  A  CERAMIC  TECHNOLOGY  READINESS  CCTRI  PROGRAM*  WAS 
THEREFORE*  FCNMULATEU  TO  PROVlOC  CONVINCING  EVIOENCE  THAT 
CERAMIC  LOMPUNENTS  CAN  bE  OEVELOPEO  THAI  ARE  VIABLE  FOR  THE 
OPERA flONAL  HE  UU I RE MEN  IS  OF  UTlLllY  SCALE  GAS  TURBINES  OPERA TEO 
UN  COAL-OtRl'CO  FUELS*  SUCH  ENGINES  CAN  POTENTIALLY  BENEFIT  THE 
NATIONAL  ENERGY  SITUATION  THROUGH ;  HIGHER  EFFICIENCY*  BETTER 
TOLERAMCc.  OF  OPERATING  ENVIRONMENT*  AND  LOVER  COST  ANO  HIGHER 
AVAILABILITY*  IHUS*  THE  MAJOR  OBJECTIVE  FOR  THE  C TR  PROGRAM  IS 
10  DEVELOP  CERAMIC  FABRICATION  AND  DESIGN  TECHNOLOGY  THAT  MILL 
YIELD  LON»-C  IF  E »  HOT  SECTION  COMPONENTS  FOR  ADVANCED  UT1LTY  GAS 
TURBINES*  THESc.  OBJECTIVES  ARE  MET  WITH  THE  HIGH  TEMPERATURE 
CERAMIC  AUGMtNTAIION  TURBINE  (HlCAT)  CONCEPT  VHICH  IS 
DESCRIBED* 

ceramics; cooling ide sign:  qi.gas  turbines:  ti smaterials:  oi; 

SILICON  CARD  IDES .SILICON  N I TR  IDES i 1ES T  F AC IL 1 T IES I TURB INC 
BLADES 
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CONFERENCE  ON  ADVANCED  MATERIALS  FUR  ALTERNATE  FUEL  CAPABLE 

DIRECTLY  FIRED  HEAT  LNGlAES 

CAST  INC.  ME*  USA 

JO  JUL  1979 
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EUB-200104  ;3b0l00 
EDB-2O0IG4 
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A  DEVICE  FOR  PRODUCING  RAP  I OLV  -SOHO  I F  I  ED  ALLOY  POMOERS  WAS 
CONSTRUCTED  «M  1CH  USES  FORCED  CONVECTIVE  COOLING  OF  MOLTEN 
PARTICLES  ACCELERATED  FROM  A  CENTRAL  SOURCE  INTO  A  HIGH 
CONDUCTIVITY  GAS  QUENCH  MEDIUM*  MORE  THAN  200  EXPERIMENTAL 

super  alloy  depositions  have  been  atomized  and  evaluated  to 

DATE*  ALL  FALL  WITHIN  THE  GENERAL  CLASS  OF 
PftEC  IP  l  TAT  I  ON- HARDENING.  NlCXEL-BASE  ALLOYS  BUT  CAN  BE 
CATEGORIZED  FURTNcR  ACCORDING  TO  THE  FOLLOWING  PARTICULARS! 
CONVENTIONAL  PRECIP  HAT  I0N-HAR0ENING  SUPERALLOVSS  ALLOYS 
NORMALLY  REFERRED  TO  AS  0*S*  EUTECTIC*  ALLOYS  WITH  HIGH 
S GAMMAS*  CONCENTRATIONS  ObO  A/OI  *  OR  ALLOYS  BASED  ON  THE 
NI-AL-MU  TERNARY •  A  SERIES  OF  POWDER  CONSOLIDATION  ANO 
METALWORICING  OPERATIONS  WERE  CARRIED  OUT  WITH  THE  RAPIDLY 
SOLIOIFIEO  PUW06RS*  WHICH  INCLUDED  HOT  ISOSTATIC  PRESSING 
EXTRUSION*  ISOTHERMAL  FORGING*  AND  COMBINATIONS  THEREOF*  BEST 
RESULTS  WERE  ACHIEVED  WHEN  THE  PRIMARY  METALWORKING  OPERATION 
INCLUDED  RELATIVELY  LARGE  OEFQR MAT IONS*  ESPECIALLY  WITH 
EXTRUSION*  THE  EXTENSION  OF  RAPID  SOLIDIFICATION  PROCESSING  TO 
SUPERALLOY  CONPOS1TIUNS  ALLOWS  ALLOY  MOOIF ICAT IONS  TO  BE  MAOE 
WHICH  ARE  CHARACTERISTICALLY  OUTSIDE  THE  RANGE  POSSIBLE  BY 
CURRENT  SUPERALLOV  PROCESS  METHODS*  EUTECTIC  REGIONS  ARE 
ELIMINATED  IN  SGAMNAS-SGAMMA %•  ALLOYS*  SO  THAT  HIGHER  ADDITIONS 
OF  SGAMMAS*  PARTITIONING  ELEMENTS  CAN  BE  ADO ED.  BCC  MO 
OCCURRENCE  IN  THE  N I -AL-MO-T VPE  ALLOYS  CAN  BE  CONTROLLED 
THROUGH  HEAT  TREATMENT  TO  PRODUCE  EFFECTIVELY  OISPERSEO  PHASES* 
INCIPIENT  MELT  TEMPERATURES  ARE  HIGH  TO  ENABLE  EFFECTIVE  HEAT 
TREAT*  AND  ADAPTABILITY  0*  THE  POWOERS  TO  SUBSEQUENT 
FABRICATION  IS  ACHIEVEO  WITHIN  REASONABLE  ENGINEERING 
BOUNDARIES*  HIGHER  STRENGTH  LEVELS  THAN  NOW  ATTAINEO*  AS  WELL 
AS  WETTER  SECOND  UNDER  PROPERTIES*  SUCH  AS  HIGH  MOOULUS  OF 
ELASTICITY  AM)  OXIDATION  RESISTANCE*  RESULT  BECAUSE  O*  THE 
ENHANCED  ALLOYING  CAPABILITY  POSSIBLE  WITH  RAPID  SOLIDIFICATION* 
ALLOYS  i  CORfcOsItJ*  RESISTANCE  I  GAS  TURBINES:  T  1  IMATER  I  ALSi  Oil 
OXIOATION;POwDER  METALLURGY!  T I  TURBINE  BLADES 
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ABSTRACT  THE  HIGH  TEMPERA  TUNE  TURBINE  TECHNOLOGY  (MTTTI  DEVELOPMENT 

PROGRAMS  HAVE  DEMONSTRATED  THE  VIABILITY  OF  PRODUCING 
WATER-COOLED  PARTS  FOR  A  HIGH  TEMPERATURE  GAS  TURBINE*  ONLY  A 
MEMBER  OF  TNt  TECHNOLOGY  DEVELOPMENT  PROGRAMS  LEADING  TO  THE 
DEMONSTRATION  OF  TR V  HAVE  BEEN  DESCRIBED  IN  THIS  PAPER* 
REFERENCES  ARE  RECOMMENDED  FOR  FURTHER  READING  TO  FULLY 
UtWJERSTANO  THE  STRONG  TECHNOLOGY  BASE  THAT  HAS  BEEN  DEVELOPED 

TO  SOPPOnT  the  design  and  test  of  a  high  temperature 

WATER-COOLED  GAS  TURBINE*  THE  AU1HORS  BELIEVE  THAT 
DEMONSTRATION  UF  wAlEK-CUOLED  GAS  TURBINE  TECHNOLOGY  WILL 
PROVIDE  AN  A 1TRACTI VE  ALTERNATIVE  TO  SOME  OF  THE  ENERGY 
PROBLEMS  THE  WORLD  IS  NOW  EXPER 1  c NC ING.  IT  WILL  PROVIDE  FOR  THE 
USE  OF  A  GAS  TURdlNE  IN  A  BASE -LOAD*  CUMB INED-CVCLE  THAT 
FEATURES  FUEL  FLEXIBILITY*  LOWER  COST  OF  ELECTRICITY  ANO  ONE 
THAT  IS  ENVIRONMENTALLY  ACCEPTABLE* 
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ABSTRACT  increases  in  turbine  inlet  temperatures  coi*>led  with  high 

engine  pressure  ratios  have  led  to  improved  aircraft  engine 
performance*  current  goals  are  to  continue  to  IMPROVE  FUEL 
EFFICIENCY  BY  DECREASING  THE  USE  OF  COOLING  AIR  AS  WELL  AS  TO 
l*0*RQVE  LNG1NE  DURABILITY*  THERMAL  BARRIER  COATINGS  OFFER  A 
POTENTIAL  MEANS  TO  ACHIEVE  BOTH  GOALS*  FOR  THIS  REASON 

nasa-lewis  research  center  has  both  an  in-house  and  a 
substantial  contractual  effort  directeo  toward  advancing 
thermal  barrier  coating  technology*  in-house  efforts  FOCUS  ON 

COMPOS 1 1 10NAL  OPTIMIZATION  OF  BOTH  THE  INSULATING  CERAMIC  OUTER 
LAVER  AND  THE  METALLIC  BUND  COATING*  ADVANCED  COMPOSITIONS  WITH 
TWICE  THE  LIFE  OF  T»t  EARLY  NASA  COATING  HAVE  BEEN  IOENTIFIEO* 
DEGRADATION  ICCHANt  SMS  A  H>  OXIDE  PROPERTIES  ARE  BEING  EXAMINED 
TO  GUIDE  COATING  IMPROVEMENT*  CONTRACTUALLY*  ONE  PROGRAM  IS 
DEVELOPING  COA  TINGS  AS  WELL  AS  COATING  PROPERTY  DATA  SO  AS  TO 
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CERAMIC  COATINGS  FOR  1NOUS T« I AL/UT 1L1 TV  GAS  TURBINES  ARC  BEING 
INVESTIGATED  AT  NASA  LEVIS  UNDER  THE  DOE  SPONSORED  CRITICAL 
RESEARCH  ANO  ADVANCED  TECHNOLOGY  PROJECT.  THE  KEY  VARIABLES 
CONTROLLING  CERAMIC  COATING  LIFE  IN  CORROSIVE  FUEL  COMBUSTION 
PRODUCTS  MERE  DEIERMiNfeD  |N  BURNER  RIG  TESTS  OF  NA  ANO  V  HAVE 
BEEN  DC  It KM  I NEO.  THERMOChEM ICAL  CALCULATIONS  OF  CONDENSATE  DEV 
POINTS  ANO  MU.  II NG  POINTS  COMBINED  Vl TH  THE  TEMPERATURE  PROF ILE 
OF  THE  SPEC  1  RENT  »cfc£  FOUND  TO  GIVE  A  GOOD  EXPLANATION  OF 
OBSERVED  COATING  FAILURE  LOCATIONS.  TO  FURTHER  ELUCIDATE 
POTENTIAL  CERAMIC  COATING  FAILURE  MECHANISMS.  REACTION  STUOICS 
BETWEEN  COATING  MATERIALS  ANO  POTENTIAL  IMPURITIES  DERIVED  FROM 
TtB.  AIR.  FUEL  OR  UUNO  COAT  ARE  BEING  CARRIED  OUT.  AOVANCEO 
COATINGS  ARE  ALSO  BEING  DEVELOPED.  A  CALCIUM  SILICATE  CERAMIC 
COAT ING  ANO  A  NICRALY/MGO  CERMET  COATING  HAVE  PERFORNEO 
SUBSTANTIALLY  BETTER  THAN  VTTR I A— STAB IL1ZEO  ZIRCONlA  COATINGS 
IN  SODIUM  PLUS  VANADIUM  CONTAMINATED  FUEL.  FINALLY.  THE 
POTENTIAL  BENEFITS  UP  THERMAL  BARRIER  COATINGS  ON  STEAM-  ANO 
WATER-COOLED  GAS  1URBINES  IN  A  COMBINED  CYCLE  HAVE  BEEN 
DETERMINED. 

CERAMICS (CHEMICAL  REACT 1  ON S (CONDENSATE  St CORK OS  I ON  RESISTANCE! 
CORROSIVE  EFFECT  S  (OEw  POINT  {GAS  TURBINES:  T1  (MATERIALS! 

MATERIALS  TESTING:  OcIMELTlNG  POlN IS (PROTECT IVE  COATINGS!  T2.0I! 
SODIUM  COMPOUNDS! TEMPERATURE  DEPENDENCE! TEST  FACILITIES! THERMAL 
SHI ELDS! VANADIUM  COMPOUNDS 
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this  papln  summarizes  pruumess  on  a  nasa/epri  coatings  program 

THAT  HAS  THE  OBJECTIVE  TO  EVALUATE  THE  RESISTANCE  OF 
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PRESENT  -OAV  TMfcNAL  BAHRI  £P  COATINGS  -  ALL  IN  EARLY  STAGES 

OF  DEVELOPMENT  -  TO  COMBUSTION  GASES  WHICH  ARE  FOUND  |n 
ELECTRIC  UTILITY  TURBINES  FIRED  ON  PETROLEUM  FUELS  OF  VARYING 
IMPURITIES.  THE  SENSITIVITY  OF  THE  COATINGS  TO  TEMPERATURE . 

FUEL  IMPURITY*  PRESSURE  EFFECTS  AND  MATER  MASHING  MILL  BE 
E  ST  ABL I  Sr  CO  AS  MfcLL  AS  CUATtNG  LIFETIME.  Th£  COATINGS  ARE 
PRIMARILY  PLASMA- SPRAYED  .  Z 1 RCON I UN-BA SED  FORMULATIONS 
DEPOSITED  ON  SUPERALLOY  TEST  SPECIMENS  THAT  CAN  BE  AIR  COOLED. 
BOTH  DUPLEX  COATING  AND  URAOED  COATING  SYSTEMS  ARE  BEING 
EVALUATED.  TEST  TtMPfcRAT UMES  CURRENTLY  RANGE  FROM  A  GAS 
TEMPERATURE  BEING  EVALUATED.  TEST  TEMPERATURES  CURRENTLY  RANGE 
FHUM  A  GAS  TEMPERATURE  OF  I900SSUP  OSF  TO  2J00SSUP  OSF  A NO  FROM 
A  SUBSTRATE  « TAL  TEMPERATURE  OF  I lOOSSOP  OSF  TO  I 6SOSSUP  OSF. 
FUEL  IMPURITY  SENSITIVITY  STUDIES  INCLUDE  THE  USE  OF  FUELS  THAT 
RANGE  FROM  A  CLEAN  GT  NO.  2  REFERENCE  FUEL  TO  THAT  OOPEO  MITH 
IftfUR  I  Tv  LEVELS  »HICH  SIMULATE  BOTH  MATER-BASHEO  AND  UNTREATED 
RESIDUAL  FUELS.  TmE  CLEAN  FUEL  TEST  RESULTS  HAVE  BEEN  VERY 
ENCOURAGING  IN  THAT  FAILURES  MERE  FEM.  IN  THE  DIRTY  FUEL  TESTS. 
MIXED  RESULTS  MERE  QUlAl^D  WITH  GRADED  COATINGS  PERFORMING 
MUCH  BETTER  THAN  DUPLEX  COATINGS.  THE  RESULTS  ARE  DISCUSSED  IN 
TERMS  OF  THE  FINDINGS  FROM  PROTEST  STUDIES.  A  NEM  NASA/DOE 
PROGRAM  HAS  THE  MAJOR  OBJECTIVE  TO  DEVELOP  AOVANCEO  CEnAMIC 
CUA TINGS  THAI  MILL  INCREASE  I NOUS  TRIAL/UTILITY  GAS  TURBINE  HOT 
SECTIUN  DURABILITY  MlTH  HEAVY  EMPHASIS  ON  OPERATION  MlTM  LOMER 
GRADE  Pt IROLcUM  FUELS  AND  LIUUlD  COAL -DERIVED  FUELS. 
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NASA— LE  MIS  — FUNDED  PROGRAM  PLAN  IS  PRESENTED  IN  VHICH  THE 
EFFtCI I VENESS  UF  THICA  CERAMIC  COATINGS  IN  PREVENTING  HOT 
CURROSIUN  AND  IN  PROVIDING  THERMAL  INSULATION  TO  GAS  TURBINE 
ENGINE  COMPONENTS  MILL  BE  INVESTIGATED.  PRELIMINARY  ANALYSIS  OF 
Ttc  BENcFIT  tP  THE  THERMAL  INSULATING  EFFECT  OF  SUCH  COATINGS 
ON  DECREASING  CODLING  AIM  AND  SIMPLIFYING  COMPONENT  DESIGN 
APPEARS  VERY  ENCOURAGING*  THE  PROGRAM  IS  IN  THE  PRELIMINARY 
STAGES  UF  OBTAINING  STARTING  MATERIALS  A  NO  ESTABLISHING 
PROCEDURES. 

ALUM I NATES I CALCIUM  COMPO UNOS S CERAM  ICS i CHEN ICAL  COMPOSITIONS 
COAT 1NGSSC0MPARAT IVE  EVALUAT IONSS CURROSION IFABR ICAT I ON ; GAS 
fUNBINCS:  T I  .M AGNES I UM  COMPOUNDS J MATER IALS SMATEM IALS  TESTINGS 

physical  propewt ies planning ;pRor ec i ive  coatings:  me.qis 
RESEARCH  PROGRAMS:  Ud ;si LICA iTEST  FACILITIESSTHERMAL  expansions 
fr«RMAL  SHlEUiSS  THERMAL  SHOCK  S  T  I  TANA  TE  SS  TURB  INE  BLADES 


ACCESSION  NO*  B0C00SS369 

REPORT  NO. PAGE  CUNF —790949  PP*  S0S-B2 I 

TITLE  SILICON  AND  CHROME  BASE  COATINGS  FOR  STATIONARY  GAS  TURBINES 


authors  baucr.  r.i  ciucnlin«>  m<i>i  schx ioer ,  n, 

APF  SHOW*.  BUYER!  WO  C  IE  >  MANNHEIM*  GERMANY 

IITLEtMOM))  ADVANCED  MATERIALS  TOR  ALTERNATIVE  FUEL  CAPABLE  OIRECTLV  FIRED 

HEAT  ENGINES 

EO I  TOR  OR  CO#  FAIRBANKS.  J.a.l  STRINGER*  J.  (EOS. 

PAGE  NO  S0S-S2 I 

AVAILABILITY  Dtp.  NT  IS.  PC  A99/MF  ABI  * 

COMP  TITLE  CONFERENCE  ON  ADVANCED  MATERIALS  FOR  ALTERNATE  FUEL  CAPABLE 

DIRECTLY  FIRED  HEAT  ENG  I  AES 
COMP  PLACE  CAST  INE  »  ME.  USA 

COMF  date  jo  jul  IVTB 

DATE  DEC  1979 

CATEGORIES  ECB-20BI  041  JAG  106!  3*0201 

PRIMARY  CAT  EGB-2G0I»4 

REPORT  NO  CCNF-7V07A9 - 

ABSTRACT  MOT  CORROSION  LIMITS  THE  LIFETIME  OF  STATIONARY  GAS  TURBINE 

BUCKETS.  CHRiN  IUM  AS  BELL  AS  SILICON  BASE  COATING  SYSTEMS  HAVE 

SEEN  DEVELOPED  DUE  TO  THEIR  ANTICIPATED  ABILITY  TO  FORM  OXIDE 
LAVERS  VITh  SETTER  CHEMICAL  RESISTIVITY  AGAINST  HIGH 
TEmPeRATcME  CD  HR  us  I  on  ATTACK.  THIS  PAPER  SUMMARIZES  LABORATORY 
TEST  RESULTS  AM)  IN-SERVICE  EXPERIENCE  OF  SUCH  COATINGS  APPLIED 
aV  PACK LEMAN IA I I OH.  GALVANIC  PROCESSES  AND  PLASMA  SPRAYING.  AS 
AN  EXAMPLE  TtC  ThaRmOCMEMICAL  DEGRADATION  MECHANISM  OF  A 
CMADMIUM  DIFFUSION  CUATING  ON  A  FIRST  STAGE  VANE  FROM  A  BLAST 
PINNACE  GAS  TURBINE  MILL  BE  GIVEN.  THE  OBSERVED  LIFETIME  OF 
MORA  THAN  3S  .000  HOURS  IS  MAINLY  DUE  TO  THE  DUTY  AND  DIFFUSION 
CMIOMIUM  FROM  A  CIR OM 1 UM -RICH  RESERVOIR  LAVER  THROUGH  AN 
OVEMLYING  MUM  IMG  LAVER  Bl  TH  A  CONSTANT  CHROMIUM  CONTENT* 
CUNFARABLE  GOOD  EXPERIENCE  HAS  UCEN  HAD  VITH  GALVANIC  CHROMIUM 
OVEMLAY  COAT  MGS  WEXf  S ALPHAS -CR  IS  ACTING  LIKE  A  RESERVOIR 
LAVER.  UN  Tha  OTHER  MANO  SILICON-RICH  PACKCEMEN TAT  ION  COATINGS 
SHlBtU  SPALLING-OFF  AS  A  CONSEgUENCE  OF  THE  MORE  BRITTLE  NATURE 
OF  THE  SILICIOE  PHASES.  AT  THE  HIGHER  MECHANICAL  AND  THERMAL 
STMESSES  OF  NIUEAN  GAS  TURBINES*  MECHANICAL  FAILURE  BY  CRACKING 
AX®  SPALLING  LIMITS  The  USE  OF  SUCH  COATINGS  V 1  TH  THEIR 
LAVtM-LUE  STRUCTURE  A  NO  UNAVOIDABLE  PHASE  BOUNDARIES.  FOR 
StMMIUM  H  RUIN  AT  It*  AT  HIGHER  TEMPCRTURE.  A  NI-CR-SI 
PLASMA-COAT  ING  MITH  A  DUCTILE  MATRIX  AND  DISPERSED  RESERVOIR 
"ARTICLES  PRUVIDES  THE  BEST  COMPROMISE  BETaCEN  CORROSION 
'uSI  STANCE  ami  TOUGHNESS .  A  SERIES  OF  ENGINE  RESULTS  IS 
PRBBENTBO  EWHAAIZING  THE  EFFECTIVENESS  OF  THIS  COATING  IN 
PMM.ONGIN6  TNI  LIFETIME  OF  TURBINE  BLADES  AND  VANES  EVEN  UNOER 
SEVERE  CMV  IMGN  MENTAL  CONDITIONS. 
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BASED  ON  THE  RESULTS  OF  BURNER  RIG  HUT  CORROSION  TESTING.  TaO 
CJ0>ERINLNTAL  COATING  COMPOSITIONS  HAVE  BEEN  SELECTED  FOR 
COATING  APPLICATION  PROCESS  EVALUATION  AND  ENGINE  VERIFICATION 
TESTING.  THE  COMPOSITIONS  SELECTED  ARE  GIVEN  ALONG  VITH  THE 
CORRESPONDING  EXPERIMENTAL  ALLOYS  TESTED.  IT  IS  BELIEVED  THAT 


IK  F«0  EXPERIMENTAL  COATING  COMPOSITIONS  MILL  PROVIDE  LOW 

temperature  corrosion  resistance  superior  to  im62so*  while 

STILL  PROVIDING  ADEQUATE  HIGH  TEMPERATURE  RESISTANCE*  ENGINE 
TEST  PERFORMANCE  UP  THE  EXPERIMENTAL  COATINGS  WILL  BE  COMPARED 
TO  NEW  iMoebO  BASELINE  COATINGS  TO  PROVIDE  A  BASIS  FOR  RELATING 
ENGINE  Tk  ST  RESULTS  TO  BURNER  RIG  TEST  RESULTS*  EFFORTS 
INVOLVING  THE  STUDY  OF  ADVANCEO  COATING  CONCEPTS  HAVE  BEEN 
INITIATED.  A  NUMBER  OF  E  MPER IMENT  AL  ALLOYS  HAVE  BEEN  PREPARED 
FOR  OXIDATION  AND  HOT  CORROSION  STUDIES*  ALLOY  COMPOSITIONS 
SELECTED  ARE  EXPECTED  TO  FORM  OXIDE  SCALES  0 1FFERENT  IN 
COMPOSITION  FROM  THOSE  FORMED  ON  CURRENT  MCRALY  TYPE  COATINGS* 
LABORATORY  FtNNACE  TESTS  WILL  BE  USED  TO  ASSESS  THE  RESISTANCE 
OF  MODIFIED  SCALES  To  HOT  CORROSlUN* 
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ABSTRACT  THE  OBJECTIVES  OF  THIS  INVESTIGATION  WERE  TO:  (II  EVALUATE 

ALLOYS  AND  COATINGS  FUR  USE  WITH  FUELS  OTHER  THAN  CLEAN 
OIST1LLAIE  OILS  (  <.)  SELECT  A  TEST  ENVIRONMENT  THAT  WOULD  BE 
SIMULATIVE  OF  IHE  USE  OF  THE  ALTERNATE  FUEL  IN  A  COMBUSTION 
TlNBINE.  AND  (3)  TO  INVESTIGATE  THE  MECHANISMS  OF  CORROSION 
ATTACK  WITH  IHc  VARIOUS  ALTERNATE  FUELS*  AND  IF  POSSIBLE. 
RELATE  TK  MEGHAN  ISMS  TO  ALLOY  COMPOSITION  AND  COATING  PROCESS 
VARIABLES.  TK  ALTERNATE  FUELS  INVESTIGATED  CONSISTED  OF 
SALT-CUN  I AM I NX  IED  SOUR  NATURAL  GAS.  CRUOE  ANO  HEAVY  PETROLEUM 
OILS  (WITH  A»4>  WlTHUUf  COMICAL  ADOlTivES  TO  MITIGATE  THE 
EFFECTS  OF  SODIUM  ANO  VANADIUM!.  AND  A  SURROGATE  FOR  A 
COAL -DERIVED  LIQUIO  FUEL*  IT  HAS  BEEN  DEMONSTRATED  THAT  THE 

possibility  of  accelerated  corrosion  attack  in  combustion 

tGMBlNES  CAN  BE  ANSWERED  W I Th  A  COMBINATION  OF  APPROACHES  SUCH 
AS  A  PROTECTIVE  COATINGS  AND  A00IT1VES*  THE  SIMULATION  OF 
ALTERNATE  FUELS  CAN  BE  ACCOMPLISHED  WITH  USE  OF  SURROGATE  FUELS 
IN  THE  PRESSOR  12 ED  TEST  PASSAGE*  UNCE  THE  ENVIRONMENTAL  EFFECT 
UF  A  PARTICULAR  SIMULATED  ALTERNATE  FUEL  IS  ASCERTAINED  THEN 
Tt€  RESPONSE  TO  TK  USE  OF  THE  FUEL  CAN  BE  DETERMINED.  THAT  IS. 
FUEL  PRE-TREATMENT  t WATER— WASH 1NG .  ADDITIVE  ADDITIONS!  USE  OF 
MORE  CClKROS  1  IN  RESISTANT  SUPERALLUYS  OR  TYPES  ANO  COMPOSITIONS 
UF  PRUIECTlVE  CO  All  NGS*  IT  WAS  ESTABLISHED  THAT*  THERE  WAS  A 
WIDE  RESPONSE  UF  SUPERALLOYS  ANO  COATINGS  TO  THE  SIMULATED 
COMBOS  1  ION  E*ff  IRQNMENTS*  SOME  HOT  CORROSION  RESISTANT 
COMPOSITIONS  ( COCRALV I  DID  NOT  HAVE  USEFUL  LIFE  IN 
VANAUI UM-CONTA  IN  ING  FUELS*  THE  MOST  UNIVERSALLY  USEFUL 
COMPOSITION  AMONG  THOSE  IESTED  APPEARS  TO  BE.  ON  THE  BASIS  OF 
THE  VARIOUS  EXPOSURES.  T Ft  P T-CONTA IN ING  NIAL  DIFFUSION 
COATING* 

0C9CRIMTWS  au>itivls;allovs; aluminium  alloys:  T7;chemical  composition: 
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FROM  EXPERIENCE  PITH  GAS  TURBINES  BURNING  CLEAN  FUELS  IN  CLEAN 
ENVIRONMENTS  as  PELL  AS  IN  MARINE  AND  INDUSTRIAL  ENVIRONMENTS 
IT  PAS  FOUND  THAT  THE  USE  OF  SOME  TYPE  OF  PROTECTIVE  COATING  IS 
MANDATORY*  A  REVIEW  OF  T«  RESEARCH  ANO  DEVELOPMENT  DIRECTIONS 
BEING  PURSUED  TO  MEET  THE  SUBSTRATE  MATERIAL  REQUIREMENTS  FINDS 
I HAT  THE  PROCESSING  TECHNIQUES  ANO  ALLOYS  ARE  GETTING  MORE 
COMPLlCAVEO  ANO  EXPENSIVE*  A  SIMILAR  REVIEW  OF  THE  OIRECTION 
AM)  PROGRESS  IN  THE  DEVELOPMENT  OF  OXIDATION  AND  HOT  CORROSION 
RESISTANT  COATINGS  INDICATES,  IN  GENERAL*  A  GREATER  EMPHASIS  ON 
Tt€  IDENTIFICATION  OF  SUITABLY  RESISTANT  COMPOSITIONS  PITH  MUCH 
LESS  ATTENTION  BEING  GIVEN  TO  STRUCTURAL  EFFECTS,  SUBSTRATE 
COMPATIBILITY  AND  METHODS  OF  ECONOMICAL  ANO  RELIABLE 
APPLICATION*  IT  IS  CLEAR  THAT  ADVANCED  ENERGY  CONVERSION 
SYSTEMS  PILL  REQUIRE  THE  COMBINATION  OF  A  RELATIVELY  COMPLEX 
SYSTEM  CP1  SUBSTRATE  ALLOY,  COATING  COMPOSITION,  ANO  THEIR 
RELATIVE  FABRICATION  TECHNIQUES  TO  OBTAIN  THE  NECESSARY 
PERFORMANCE  CHARACTERISTICS,  EFFICIENCIES  ANO  DURABILITIES*  THE 
USE  OF  PROTECTIVE  COATINGS*  PITH  A  COMPOSITION  TAILORED  FOR  A 
SPECIFIC  ENVIRONMENT,  APPLIED  AS  AN  OVERLAY  TO  A  SUBSTRATE 
ALLOY  DESIGNED  PRIMARILY  FOR  MECHANICAL  PROPERTIES  HAS  BECOME 
THE  BASIS  FIR  MANY  ADVANCED  GAS  TURBINE  ENGINES*  ONE  METMOO, 
THE  ELECTRON  BEAM-PHYSICAL  VAPOR  DEPOSITION  PROCESS,  EB-PVO, 

HAS  BEEN  IN  VttOUUCTION  USE  FOR  TEN  YEARS  FOR  GAS  TURBINE 
AIRFOIL  SYSTEMS  AM)  HAS  BEEN  SHOWN  TO  BE  AN  ECONOMICALLY  VIABLE 
MANUFACTURING  TECNNIuuE*  IN  SPITE  OF  THIS  SUCCESSFUL  USE  IN 
PRODUCTION,  UR  POSSIBLY  BECAUSE  OF  IT*  THE  FULL  CAPABILITIES  OF 
TK*l  CB-PVD  PHD  CESS  TO  MEET  I  HE  NEW  ANO  MORE  DEMANDING 
REQUIREMENTS  OF  THE  COATING  OE VELUPER  ANO  TURBINE  DESIGNER  HAVE 
BEEN  INSUFFIU  ENTLY  DOCUMENTED  IN  THE  LITERATURE* 
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A  TEST  PROGRAM  IS  UNDERWAY  WHICH  WILL  PROVIDE 
DEPOSIT 1QN/C OR RO SION  GUIDELINES  FOR  THE  OE SI GN  OF  RELIABLE 
UTILITY  TURBINES  RUNNING  ON  LOW  DUALITY  FUELS  AT  HIGH  CYCLE 
EFFICIENCIES.  THE  PROGRAM  PHILOSOPHY  IS  BASED  ON  SIMILAR 
PROGRAMS  WHICH  PROVIDED  SUCCESSFUL  MACHINES  FOR  THE  UTILITY 
INDUSTRY.  SltCC  DEPOSITION  MIGHT  BECOME  MORE  SIGNIFICANT  THAN 
HITHERTO*  T Ht  TEST  PROGRAM  IS  GEARED  TOWARDS  THE  QUANTITATIVE 
ASSESSMENl  OF  DEPOSITION  AS  WELL  AS  CORROSION. 
aooi  tives.coal  l  iuu iosjcooling:  cm  ; corrosion:  q i  ;oeposi  t ion; 
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The  DIFFICULTIES  cNCOUNT EREO  IN  PAST  ANO  PRESENT  EFFORTS  TO 
OPERATE  DIRECT  COAL -FIRED  GAS  TURBINES  ARE  SUBSTANTIAL.  HENCE 
It*  DEVELOPMENT  EFFUHT  REQUIRED  TO  ASSURE  A  RELIABLE. 
HIGH-TEMPERA IURE  PRESSURIZED  FLUIDIZED  BED  (PFBCI  COMBINED 
CYCLE  MAY  bt  VERY  EXPENSIVE  AND  TIME  CONSUMING.  IT  IS  THEREFORE 
1MPORTANI  THAT  THE  dtNEF  IT  OF  ACHIEVING  HlGH-TEMPERATURE 
OPERATION.  WHICH  IS  PRIMARILY  INCREASED  EFFICIENCY.  BE  CLEARLY 
UNOEASTOuO  AT  THE  OUTSET  OF  SUCH  A  DEVELOPMENT  PROGRAM.  THIS 
STUDY  CHARACTERIZES  Th£  EFFECTS  OF  PFBC  TEMPERATURE  ANO 
PRESSURE  ON  FL  AN  T  EFFICIENCY  OVER  A  WIDE  RANGE  OF  VALUES.  THERE 
IS  AN  APPROXIMATE  THREE  PERCENTAGE  POINT  ADVANTAGE  BY  OPERATING 
AT  A  GAS  TURblFC  INLET  TEMPERATURE  OF  B70SSUP  OS  INSTEAD  OF 
SJBSsUP  OSC.  OPTIMUM  PRESSURE  VARIES  WITH  THE  GAS  TURBINE  INLET 
TEMPERATURE.  6uT  RANGES  FROM  0.4  TO  1.0  MPA.  AN  ALTERNATE  PFBC 
CYCLE  OFFERING  HIgH  EFFICIENCY  AT  A  PEAK  TEMPERATURE  OF  ABOUT 
ObOSSOP  OSC  IS  ALSO  DISCUSSED. 

AIR  POLLUTION  CON  IP  (M_;  COAL;  COMBINED-CYCLE  POWER  plants:  T1.D5 

efficiency:  oi .o;fluidi zed-bed  combust ion; flu ioizeo -bed 
combustors:  13.uisgas  turbines:  T2.oi .digraphs:  dioperation: 
uz.ujiperfurmance:  02.03 .d ; pressure  dependence .steam  turbines; 
temperature  impendence; tf^oretical  data:  o 

confidence,  and  cost,  the  specific  properties  of  tensile  stress 
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THIS  REPORT  DESCRIBES  WORK  PERFORMED  UNOER  THE  GAS  TURBINE  HTGR 
(HTGR-GT)  PRUGRAM.  DEPARTMENT  OF  ENERGY  CONTRACT 
DE -AT03-76-SF7 0040.  DURING  THE  PERIOO  APRIL  I.  1976  THROUGH 
SEPTEMBER  30.  1976.  THE  WORK  REPORTED  COVERS  THE  DEMONSTRATION 
ANO  CUMMtRCIM.  PLANT  CONCEPT  STUDIES  INCLUDING  PLANT  LAYOUT. 

MEAT  CACnANGER  STUDIES.  TURBOMACMIT*  STUDIES.  SYSTEMS  ANALYSIS. 
ANO  REACTOR  CORE  ENGINEERING. 

GAS  TUHBINESiHEAT  c  XCM  ANGERS  SHTGR  TYPE  REACTORS:  TliPRIMARY 
COOLANT  CIRCUi  TSiREACTOR  CORES  IRE  ACTOR  INTERNALS  SRESE  ARCH 
PROGRAMS!  UI  iSPECIFICATIIMS 

bOHOOSA  bb3 

IWLOSIDE  SURVET  OP  CURRENT  EXPERIENCE  BURNING  RESIDUAL  AND 
CRUDE  OILS  IN  GAS  TURBINES.  PINAL  REPORT 
BUCKLAND.  6.0.1  X1N0L.  P.M.S  LUKAS.  H. 
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THE 'pUMPUsI4^  THE  PROJECT  BAS  TO  SURVEY  OWNERS  OF  GAS  TURBINES 
BURNING  HESIUUAL  FUEL  TO  lOENTIFY  OPERATING  PROBLEMS.  COSTS. 

ANO  GENERAL  GWf*RS>  REACTION  TO  BURNING  RESIDUAL  FUEL.  JVHERS 
WERE  CUNIACTLO  |3T  MAIL  ANO  PERSONAL  VISITS  ANO  THE  RESULTS  ARE 
SUMMARIZED  IN  THIS  REPORT.  Tr*  GENERAL  CONCLUSION  IS  THAT 
RESIDUAL  OIL  IS  A  PRACTICAL  FUEL  FOR  GAS  TURBINES.  CAPITAL  AK) 
OPERATING  COSTS  WILL  BE  HIGHER  ANO  EXTRA  ATTENTION 
DESIGN  IS  REUJIREU  AS  COMPARED  WITH  DISTILLATE  OPERATION.  WHEN 
THE  COST  DIFFERENTIAL  BETWEEN  DISTILLATE  ANO  RESIOUAL  (UR  CRUDE  I 
FUEL  JUSTIFIES  IT.  RESIOUAL  IS  A  PRACTICAL  ALTERNATIVE. 

FUEL  SUBSTITUTION!  UI.Q2.U31&AS  TURBINES:  Tl  IOPERAT  ION  I 

performance : petroleum:  tjtpetroleum  residuessresidual  fuels:  tz 
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REPORT  NO  FE — 2612-13 

ABSTRACT  MUCH  OF  IHE  RATIONALE  FOR  STUOYING  THE  coal-fired  . 

CLOSEO— CYCLE  •  GAS  TURBINE.  MOVER  GENERATION  SYSTEM  LIES  IN  TWO 
FACTORS.  THE  CLOSEO-CYCLE  GAS  TURB 1NE  POWER  SYSTEM.  WHICH 
UTILIZES  A  NUN-CUNDfcNSlNG  WORKING  FLUID*  IS  CAPABLE  OF  HIGHER 
OVERALL  THERMAL  EFFICIENCIES  THAN  IS  T»€  CONVENTIONAL  STEAM 
BASED  RAfWUNt  SYSTEM  UTILIZED  IN  PRESENT  DAY  STEAM  POWER 
STATIONS.  IT  UTILIZES  HIGHER  WORK ING  FLUID  TEMPERATURES  TO 
ACHIEVE  This  HIGHER  EFFICIENCY,  additionally.  THE  UTILIZATION 
OF  THE  CLOSED-CYCLE  AS  OPPOSED  TO  THE  OPEN  GAS  TURBINE  CYCLE. 
ISOLATES  THE  r UR SUMACH IN ERV  FROM  THE  PRODUCTS  OF  COAL 
COMBUSTION.  IHESfc  COAL  CIMBUST  ION  PRODUCTS  ARE  SO  OIRTV. 
CORROSIVE.  AfO  EROSIVE  THAT  NO  PRACTICAL  SYSTEM  FOR  THEIR 
DIRECT  UTILIZATION  IN  GAS  TURBINES  HAS  VET  BEEN  DEVISED.  A  NO 
NEAR  TERM  ACHIEVEMENT  OF  PRACTICAL  COAL-FIREO.  OPEN-CYCLE  GAS 
TURBINES  APPEARS  UNLIKELY.  THE  OIRECT  COAL  FIRING  OF  HE  AT 
EXCHANGERS.  t>Y  COMPARISON.  IS  PRESENT  DAY  STATE-OF-THE-ART  AT 
THE  LOWER  WORKING  FLUID  TEMPERATURES  TYPICAL  OF  TODAY'S  STEAM 
BASED  POWER  CYCLES.  THE  ITERATING  REQUIREMENTS  FOR  THE 
COAL-FIRED  COM BUS TOR /HE AT  EXCHANGER  OF  A  CLOSED-CYCLE  GAS 
TlNBINE  POWER  CONVERSION  SYSTEM  OlFFER  FROM  THOSE  OF  STEAM 
BOILERS  IN  SEVERAL  RESPECTS.  PART ICULARLV  AS  REGARDS  MAXIMUM 
MLATING  SURFACE  TEMPERATURES.  BUT  THEY  ARE  SUFFICIENTLY  SIMILAR 
THAT  THE  ATTAINMENT  OF  TECHNOLOGY  READINESS  FOR  SUCH 
COMBOS TOR /HE At  EXCHANGERS  IS  EXPECTED  TO  BE  AT  TAINABLED  FOR 
MOOEST  OtVELUPMtNT  COSTS  AND  IN  THE  NEAR  FUTURE.  THUS 
PERMITTING  M(*E  EFFICIENT  UTILIZATION  OF  THE  OM.V  ECONOMICALLY 
ABUNOANT  US  FUEL.  COAL.  THE  EFFORT  CONTRACTED  UNDER 
EF-77 — 01-2612  CONSISTED  ENTIRELY  OF  STUDIES.  ANALYSES.  DESIGN 
EFFORT  A NO  REPORTING.  NO  FABRICATION  OR  TEST  EFFORT  WAS 
INVOLVED. 
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stainless  steel-347 stables:  d; temperature  dependence; 
thermodynamic  cycle ss working  fluids:  Q3 
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ABSTRACT  RESEARCH  IMPLICATIONS  OF  FUTURE  ALTERNATIVES  FOR  COMBUSTION 

ENGINE.  BASE  LOAD  APPLICATIONS  FOCUS  ON  THE  NEED  TO  ASSURE 
CUMPONENT  RELIABILITY  AND  LOW  MAINTENANCE  COSTS  WHILE  IMPROVING 
OVERALL  EFFICIENCY  10  OFFSET  INCREASED  COSTS  INHERENT  IN  THE 
CUMPLEX1IV  OF  PRODUCING  AND  DISTRIBUTING  ALTERNATE  FUELS.  BASED 
ON  PROJECTED  FUEL  COSTS.  LUW-tlTU  GAS.  SHALE  LIQUIDS.  SYNTHETIC 
NATURAL  GAS  AND  RAW  COAL  LIQUID  DISTILLATES  APPEAR  TO  BE 
LEADING  HEAR  TERM  CONTENDERS  FDR  BASE-  LOAD  TURBINE.  DIESEL. 

AW  GAS  ENG  1  ME  APPLICATIONS  AS  SOURCES  OF  PETROLEUM-BASED 
ENGINE  FUELS  DlMlNSH.  RESEARCH  DIRECTED  AT  MAKING  THESE  FUELS 
AVAILABLE  IN  SUFFICIENT  QUANTITY  AND  QUALITY  TO  PERMIT  THEIR 
USE  IN  AN  EFFICIENT  ANO  ENVIRONMENTALLY  ACCEPTABLE  MANNER  IS 
VITALLY  NEEDED.  RESEARCH  EFFORTS  TO  DATE  HAVE  10ENTIFIEO 
SEVERAL  KEY  M3EAS  TO  BE  RE  SOLVED  FOR  EACH  OF  THESE  FUELSS  THESE 
ARE  DESCRIBED  IN  THE  PAPER.  SHALE  OIL  APPEARS  TO  BE  THE  MOST 
REASONABLE  CHOICE  FOR  EARLY  APPLICATION.  BUT  THE  PROBLEMS 
ASSOCIATED  WITH  LARGE  SCALE  MOOUCTlUN  OF  SHALE  MAKE  THE  EARLY 
DEVELOPMENT  UF  COAL -DERIVED  LIQUIDS  AND  GASES  OF  VITAL 
IMPORTANCE.  WITH  RESPECT  TO  ENGINE  DEVELOPMENT.  HIGH 
TEMPERATURE  MATERIALS  ANO  PROTECTIVE  COATINGS  WILL  UNDOUBTEDLY 
PLAY  A  MAJOR  ROLE  IN  PERMITTING  ENGINES  ANO  TURBINES  BOTH  TO 
DEVELUP  HIGHER  EFFICIENCIES  ANO  TO  SURVIVE  IN  THE.  MORE  HOSTILE 
ATMOSPHERE  ASSOCIATED  WITH  LESS  REFtNEO  ANO  ALTERNATE  FUELS. 
INTEGRATED  GAS  IF 1ER  -TURB INE •  COMBINED-CYCLE  PLANTS  APPEAR 
ECONOMICALLY  ATTRACTIVE  COMPARED  TO  OT»CR  ALTERNATIVE  FUEL 
OPTIONS  FOR  THE  GAS  TURBINE.  SINCE  THE  COMPONENTS  HAVE  ALREADY 
BEEN  PROVEN  INDIVIDUALLY.  EARLY  APPLICATION  OF  THIS  TECHNOLOGY 
SHOULD  BE  PLANNED.  WITH  RESEARCH  AND  DEVELOPMENT  EMPHASIS  ON 
CUMBUS1UR  DEVELOPMENT.  LOAD -FOLLOW ING  CHARACTERISTICS.  AND  GAS 
PUR1FICAI ION.  (LTNI 
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COMPARATIVE  EVALUATIONS:  G2.Q3S0IESEL  ENGINESIECONOM XCSSFUEL 
substitution:  qugas  tur  bine  si  hvorogen  at  ion;  internal  COMBUSTION 
ENGINES!  Tl (MAINTENANCE:  U 1 1 METHANOL J RECOMMEND AT  IONS S REF  IN ING! 
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THE  OBJECTIVE  OF  THE  EPRI  PROGRAM  IS  TO  PROOUCE  FUELS  FROM  A 
VARIETY  UF  US  COALS  THAT  ARE  USEFUL  FOR  A  MIX  OF  POWER 
GENERATING  SYSTEMS*  IHAT  ARE  ECONOMICALLY  COMPETITIVE  AND  THAT 
SATISFY  PROJECTED  E NV IROKMCNTAL  STANDARDS.  IN  CONJUNCTION  WITH 
THE  R  ANU  O  PR  CXa  RAM  COMPREHEWIVE  ENGINEERING  AND  ECONOMIC 
EVALUATIONS  ARE  CARRIED  OUT  TO  ASSESS  THE  RELATIVE 
ATTRACTIVENESS  NEW  PROCESSES  FOR  APPLICATION  BY  THE  POWER 
1WUSTRV  FOR  NEW  AND  RETROFIT  APPLICATIONS*  THE  EPRI  STUDIES 
IWICATt  THAI:  (I)  INTEGRATED  GASIFICATION  COMBINED  CYCLE  PLAN 
USING  OFF  THE.  SHELF  COMBUSTION  TURBINES  ARE  ECONOMICALLY 
COMPETITIVE  WITH  PULVERISED  FUEL  PLANTS  THAT  USE  FLUE  GAS 
OESULFURI2AT ION*  AND  (2)  WITH  MORE  STRINGENT  AIR*  WATER*  AND 

sul io  waste  standards  igcc  plants  appear  even  more  attractive* 

THE  CLEAN  LIGOID  AND  SOL  10  FUEL  PROGRAMS  SUPPORT  R  AND  D  IN 
DIRECT  AND  IWIRELT  TECHNIQUES  TO  BRING  A  NUMBER  OF 
TECHNOLOGIES  TO  A  STATUS  OF  TECHNICAL  READINESS  THAT  WILL 

permit  commercial  plants  to  be  reliably  designed  by  the  mio  to 

LATE  IVbO'S*  THE  PROGRAMS  INVOLVE  A  WIDE  VARIETY  OF  FUELS 
MEETING  UTILITY  SPECIFICATIONS  ANO  WILL  BE  ABLE  TO  UTILIZE  A 
LARGE  VARIETY  OF  US  COALS*  MAJOR  PROJECTS  BEING  SUPPORTED  ARE 
LISTED.  AN  ASSOCIATED  R  ANO  O  PROGRAM  HAS  AS  ITS  OBJECTIVES:  (II 
MURE  RELIABLE  COMBUSTION  TURBINE  EQUIPMENT  FOR  GENERATING 
ELECTRICITY*  AND  (2)  ADAPTING  COMBUSTION  TURBINE  EQUIPMENT  TO 
UTILIZE  SYNTACTIC  FUELS* 

CE  ENTRAINED  FuEL  PROCESSSCOAL  GASIFICATION:  MISCOAL 
LIQUEFACTION:  M2 .COMBINED-CYCLE  power  plants soemonstrat ion 
PLANTS;  EPRI  (EXXON  LIQUEFACTION  PKUCESSJGAS  TuRB  INES I H-COAL 

process; interred i ate  bto  gas.low  btu  gas; methanol .pilot  plants: 
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DEPARTMENT  OF  ENERGY •  4 ASSISTANT  SECRETARY  FOR  FOSSIL  ENERGY) 
AND  The  ELECTRIC  POWER  RESEARCH  INSTITUTE*  401 VISION  OF  FOSSIL 
FUEL  ANO  AUVMCEP  SYSTEMS)  •  FORTY-FOUR  PAPERS  FROM  THE 
PROCEEDINGS  HAVE  BEEN  ENTERED  INTO  EDO  ANO  ERA  ANO  ONE  ALSO 
INTO  EAPA;  TH4EE  MAO  BEEN  ENTERED  PREVIOUSLY  FROM  OTHER 
SOURCES*  THE  PAPERS  ARE  CONCERNED  WITH  US  OOE  RESEARCH  PROGRAMS 
IN  THIS  AREA*  COAL  GASIFICATION*  COAL  LlOUEFACT ION*  GAS 
TLMBINES*  FLUIDI/eO-DEO  COMBUST  ION  ANO  THE  MATERIALS  USEO  IN 
THESE  PROCESSES  OR  EQUIPMENTS.  THE  MATERIALS  PAPERS  INVOLVE 
ALLOYS*  CERAMICS*  COATINGS*  CLADDING*  ETC* •  ANO  THE  FABRICATION 
AM)  MATERIALS  LISTING  OF  SUCH  MATERIALS  AND  STUOIES  INVOLVING 
CORROSION*  EROSION*  DEPOSITION*  ETC*  4LTN| 
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ADVANCED  GAS-C DOLED  NUCLEAR  REACTOR  MATERIALS  EVALUATION  AND 
DEVELOPMENT  PROGRAM.  PROGRESS  REPORT*  JULY  I*  I 979— SEPTEMBER 
30*  1979 

GENERAL  ELECTRIC  CO..  SCtCNECTADY  *  NY  (USA).  ENERGY  SYSTEMS 
PROGRAMS  DEPT* 

S2 

DEP*  NT  IS*  PC  A04/MF  AO  I  • 

CONTRACT  EY-76-C-02-297S 
7  MAR  1 9bO 

EDO— 3oOl  03 ;  3 GO  106*2  10300  *360102 
E  Ob —360 1 1*3 
COO — 2976—37 

THE  RESULTS  OF  WORK  PERFORMED  FROM  JULY  1*  1979  THROUGH 
SEPTEMBER  30  *  1979  ON  THE  ADVANCED  GAS-COOLED  NUCLEAR  REACTOR 
MATERIALS  EVALUATION  AND  DEVELOPMENT  PROGRAM  ARE  PRESENTED*  THE 
OBJECTIVES  OF  THIS  PROGRAM  ARE  TO  EVALUATE  CANOIOATE  ALLOYS  FOR 
VERY  HIGH  TEMPERATURE  REACTOR  (VHlH)  NUCLEAR  PROCESS  HEAT  (NPH  ) 
AND  DIRECT  CYCLE  HELIUM  IURBINE  4  DOiT  )  APPLICATIONS*  IN  TERMS 
OF  THE  C.FFEC1  lF  SIMULATED  REACTOR  PRIMARY  COOLANT  4  HELIUM 
CONTAINING  SMALL  AMOUNTS  OF  VARIOUS  OTHER  GASES)*  HIGH 
TEMPERATURES*  AND  LUNG  TIME  EXPOSURES*  ON  THE  MECHANICAL 
PROPERTIES  AM)  STRUCTURAL  ANO  SURFACE  STABILITY  OF  SELECTED 
CANOIOATE  ALLOYS*  A  SECOM)  OBJECTIVE  IS  TO  SELECT  ANO  RECOMMEND 
MATERIALS  FOR  FUTURE  TEST  FACILITIES  AND  MORE  EXTENSIVE 
UUALIF ICAT ION  PROGRAMS*  WORK  COVERED  IN  THIS  REPORT  INCLUDES 
THE  ACTIVITIES  ASSOCIATE^  « 1 TH  THE  STATUS  OF  THE  SIMULATED 
REACTOR  rCLUM  SUPPLY  SYSTEM*  TESTING  EQUIPMENT*  ANO  GAS 
CHEM 1ST RY  ANALYSIS  INSTRUMENTATION  AND  EQUIPMENT*  THE  STATUS  OF 
I HE  DATA  MANAGEMENT  SYSTEM  IS  PRESENTEO*  IN  AOOITION*  THE 
PROGRESS  IN  THE  SCREENINu  TEST  PROGRAM  IS  DESCRIBED. 

ALLOY -HD— SS6*  T6;ALL0Y-I N-73&:  T1 I {ALLOY -MO-RE -2:  T9{ALUMINIUM 
OXIDES:  TS;CLN  TROLLED  A TMUSPrt RE S ; CORROSION  RESISTANCE: 
Q3*Q4*QS*U6*u7.Qto*u9*uI0*Ul I {CORROSIVE  EFFECTS: *  Q2{ CREEPS 
EQUIPMENTS FA TtGUESGAS  TURB INESSHASTELLOV  XS  TTSHELlUMS  T2SHTGR 

TYPE  realtors:  tis inconel  Alloys:  tasmanaurite  3gx:  Ta; 

MATERIALS  TEST  IMG  l  MICRO  STRUCTURES  03*  Q45  N  I  CHROME  :  T3*.«EACTOR 
materials:  qisrene  so:  TIOSRUPTURES 
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DEVELOPMENT  OF  H I GH -TEMPERATURE  TURBINE  SUbSYSTEN  TECHNOLOGY  TO 
A  TECHNOLOGY  READINESS  STATUS  PHASE  II.  QUARTERLY  REPORT* 
OCTOBER -DECEMBER  1979 

GENERAL  ELECIR1C  CO**  SCHENECTADY  *  NY  4USA )  *  GAS  TURBINE  DIV* 

129 
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1979 

EDU-200102 
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T)t  OBJECTIVE  OF  THE  OOE-HTTT  INI GH-T EMPEHATURE  TURBINE 
TECHNOLOGY)  PROGRAM  IS  TO  BRING  TO  TECHNOLOGY  READINESS*  OVER  A 
SIX-  TO  TEN-YEAR  DURATION*  A  H I GH -TEMPERATURE  GAS  TURBINE  FOR 
USE  IN  A  COMblNED-CVCLE  POWER  PLANT*  WITH  COAL-OERIVEO  FUEL*  AT 
A  FIRING  TEMPERATURE  OF  2600»SUP  OSF  AND  WITH  GROWTH  CAPABILITY 
TO  300o*sUP  OAF*  THIS  PROGRAM  HAS  BEEN  DIVIDED  INTO  THREE 

phases:  phase  i  -  program  and  system  definition;  phase  ii  - 
TECHNOLOGY  testing  ANO  test  support  studies;  ANO  PHASE  III  - 
TECHNOLOGY  READINESS  VERIFICATION  TEST  PROGRAM*  PHASE  I  WAS 
COMPLETED*  AM)  PHASE  II  COMMENCED  ON  AUGUST  I*  1977*  THE 
OBJECTIVES  OF  PHASE  II  ARE  TUS  41)  PERFORM  COMPONENT  DESIGN  AND 
TECHNOLOGY  TESTING  IN  CRITICAL  ARE ASS  42)  PERFORM  SYSTEM  OESIGN 
ANO  TRADE -OFF  ANALYSES  IN  SUFFICIENT  DEPTH  TO  SUPPORT  THE 
CUMPONENI  DESIGN  AND  TEST  TASKS*  AND  13)  UPDATE  THE  PHASE  1 
COMBINED-CYCLE  PLANT  STUDIES  TO  EVALUATE  THE  COMMERCIAL 
VIABILITY  OF  GE-TRV  GAS  TURBINE  SYSTEM*  PROGRESS  IN  THESE 
ACTIVITIES  IS  REPORTED* 

COMBINED-CYCLE  POWER  PLANTS!  T I {COMBUSTION {COMBUSTORS ICORR OS  ION t 

design:  oxig*4'  turbines:  T2*qi;low  btu  gasimaterials  testing; 

OPERAT I  UN  { PI  vRMANCE  TESTING!  02  {RESEARCH  PROGRAMS!  02!  VERY 

HIGH  TEMPERA fr  3 i 
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CONTRACT  W-740  5-LNG  ~26 
MAR  IVttO 

EUB— 200 101 ; 200 10 A 
tOH-ZOO  101 
0RNL/1M — 6254 

(HE  REVIEW  UN  AIR-  AND  WATER— COOLED  GAS  TURBINES  FROM  THE  1904 
LLMALt -AKMENGAUO  WATER-COOLED  GAS  TURBINE.  THE  1946  TO  1952 
NaCA  WORK.  AMJ  IKE  PROGRAM  AT  GE  IfOICATES  THAT  THE  POTENTIAL 
OF  AIR  CuUL  I  HAS  BEEN  LARGELY  EaPLOITEO  IN  REACHING 
TEMPERATURES  OF  I  I  0 04 SUP  OSC  (APPROX.  2000SSUP  OSF >  IN  UTILITY 
SERVICE  ANO  I«*r  FUR  1  nfcR  INCREASES  IN  TURBINE  INLET  TEMPERATURE 
MAY  Ot  UtjTAINfcD  WITH  WATER  COOLING.  THE  LOCAL  HEAT  FLUX  IN  T*C 
FIRST-STAGE  TURBINE  RUTOH  WITH  WA 1 ER  COOLING  IS  VERY  HIGH. 
YIELDING  HloH- TEMPER  ATcRE  GRADIENTS  AND  SEVERE  THERMAL 
STRESSES.  ANALYSES  AND  TESTS  IM>1CATE  THAT  BY  EMPLOYING  A  BLADE 
WITH  AN  OUTER  CLADDING  OF  AN  AMPKQX.  1-MM-TMlCK 

oxi da  t ion— re  si s  r  ant  high-nickel  alloy,  a  sublayer  of  a 
HIGH-THERMAL -CONDUC f 1 VI T Y.  high-strength#  copper  alloy 
CONTAINING  CLOScLY  space o  cooling  PASSAGES  APPROX.  2  MM  IN  10 
ID  MINIMIZE  THERMAL  GRADIENTS#  AND  A  CENTRAL  H 1 GH-S TRE NGTM 
ALLOY  STkUCTEMAL  SPAR.  IT  APPEARS  POSSIBLE  TO  OPERATE  A 
WATER  — C UULcO  GAS  TURBINE  WITH  AN  INLET  GAS  TEMPERATURE  OF 
1J70SSUP  0»C.  THE  C QUL 1 NG-W A TER  PASSAGES  MUST  BE  LINED  WITH  AN 
IRON-CHROME  — Nl  CKEL  ALLOY  MUST  BE  BENT  90S  SUP  OS  TO  EXTENO  IN  A 
NEATLY  SPACED  ARRAY  IhROUgH  THE  PLATFORM  AT  THE  BASE  OF  THE 
oLADE.  THE  LLMPLtX  GEOMETRY  OF  THE  BLADE  DESIGN  PRESENTS  TRULY 
FORMIDABLE  FaUnICAMUN  PkOBLEMS#  THE  WATER  FLOW  HATE  TO  EACH  QF 
MANY  THOUSANDS  uF  COULANT  PASSAbcS  MUST  BE  METERED  ANO  HELD  TO 
WITHIN  RaTHLR  LLUSc  L1MI  IS  BcCAUSE  THE  HEAT  FLUX  IS  SO  HIGH 
IhAT  A  LOCAL  rLOW  INTERRUPTION  UF  ONLY  A  FEW  SECONOS  WOULD  LE AO 
TO  A  SERIOUS  FAILURE. HEAT  LOSSES  TO  THE  COOLING  WATER  WILL  RUN 
APPROX.  iuX  IX-'  THE  HEAT  FROM  THE  Fuel#  BY  RE  COVER  Y I  N&  THIS 
WASTE  He  A  T  Fix  FEEDWATER  HEATING  IN  A  COMMAND  CYCLE.  THESE  HEAT 
LOSSES  WILL  g1 vfc  A  Ot GR  A  DA  T | UN  IN  THE  POWER  PLANT  OUTPUT  OF 
APPROX.  t>X  RlLATIVE  TO  WHAT  MIGHT  BE  OBTAINED  IF  NO  COOLING 
WtWE  REUUlHED.  HOWEVER.  1HE  ASSOCIATED  POWER  LOSS  IS  LESS  THAN 
HALF  IHAT  TO  Tfc  cXPECTED  WITH  AN  ELEGANT  AIR  COOLING  SYSTEM. 

A  Ih • COOL  1 NG S  T3.U2iL0PPER  ALLOYS S DES 1GN; EXPE R I MEN TAL  DATA:  OJ 
F  AT  I GUE  * GAS  TURBINES:  T 1  .D  S  GRAPHS l  D.HEAT  LOSSESSHEAT  RECOVERY; 
HEAT  TRANSFERS  MATER  lALSi PHYSICAL  PROPER! IES5 PI PES i POWER  PLANTS; 

research  programs:  qj ;re views; tables:  d; test Ing; thermal 

CONDUCT  1VI TV  ;TUHblNE  bLADES:  T2.U  I  ;  WASTE  HEA  T  ;  WATER 
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3 OR  004 1 440 

GAS  TURBINE  DEMONSTRATION  UF  PYROL VSl S-OER I VEO  FUELS.  FIRST 
TECHNICAL  PROGRESS  REPORT.  SEPTEMBER  I.  1976-MARCH  31.  1979 
JASAS.  G. 

TELtOYNE  CAE  TlRBINE  ENGINES#  TOLEDO.  OH  (OSA> 

34 
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SAN - 1 B39-T 1 

THE  OBJECTIVE  OF  THIS  PROGRAM  IS  TO  DEMONSTRATE  THE  FEASIBILITY 
OF  UTILIZING  PYROLYTIC  OIL  ANO  CHAR  AS  A  FUEL  FOR  A  COMBUSTION 
TURBINE  ENGIKC.  THIS  IS  THE  FIRST  PHASE  OF  AN  EXTENOEO  PROGRAM 
WITH  THE  ULTIMATE  GOAL  QF  COMMERCIALIZING  A  GAS  Tv>Rd  INE  ENGINE 
ANO  ELECIMICAL  GENERATING  SYSTEM  WHICH  IS  INDEPENDENT  OF 
PETROLEUM— BASE  O  FUELS#  MAXIMUM  USE  OF  EXISTING  TECHNOLOGY  ANO 
CURRENT  PROOUC  MUN  E'NgINE  HARDWARE  (  TELE  DYNE  CAE  MODEL  J69-T-29 
TXBOJET  ENGINE)  IS  BEING  INCORPORATED  FOR  A  SEQUENCE  UF  TEST 
EVALUATIONS  RANGING  FROM  ISOLATED  COMBUSTOR  COMPONENT  TESTS  TO 
FULC  SCALE  END  INE  DEMONSTRATION  TESTS#  THE  TECHNICAL  GOALS  TO 
HE  ACHIEVED  LURING  THE  COURSE  OF  THIS  PROJECT  ARES  PYROLYTIC 
FUEL  CHARACTER IZATIUN  IN  TERMS  OF  ITS  PROPERTIES  ANO 
CONSTITUENTS;  PYROLYTIC  FUEL  COMBUST  1 UN  TECHNOLOGY  IN  A  GAS 
IXBINE  APPLICATION  IN  TERMS  OF  PYROLYTIC  OIL  ATOMIZATION. 
QUANTITY  QF  CHAR  BORNEO.  EMISSIONS#  PERFORMANCE  AND  ASSOCIATED 
COMBUST  1 UN  SYSTEM  A t ROT HER MOO YN AM  ICS;  PYROLYTIC  FUEL  (OIL  AND 
CHAR  SLURRY)  HANDLING.  MIXING.  AND  STORAGE  TECHNOLOGY;  ANO 
ENGINE  MATERIALS  COMPATIBILITY  WITH  THE  PYROLYTIC  FUEL  AND  ITS 
CUMBUSTItFI  PfAJUUCTS#  THE  PROGRAM  HAS  BEEN  PLANNED.  HARDWARE  IS 
BEING  PRUCUHtD.  AND  j£S  IGN  OF  THE  CUMdUSTOR  ANO  PYROLYTIC  FUEL 
COMBUSTION  ANALYSIS  STUDIES  ARE  UNDERWAY# 

AGRICULTURAL  WASTES:  1 2S COMBUST  ION  PRODUCTS:  04 #D ;COMBUS TORS ; 

design;ga$  umbines:  tiigraphs:  d;numerical  oata:  o;operation; 
pyrolysis:  uz; pyrolyt tc  uIls:  T4#u;hefuse  derived  Fuels:  oi; 

RESEARCH  PHOCRAMSlVlSCOS  ITVS  04  #0 
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DEVELOPMENT  iF  A  CEMAMIC  TUBE  HEAT  EXCHANGER  WITH  RELAXING 
JOIN!*  oUAHTEMLY  TECHNICAL  PROGRESS  REPORT*  APRIL  I -JUNE  30* 
1979 
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CEMAMIC  TUBES  FROM  THE  ENVIRONMENTAL  TESTS  HAVE  BEEN  EXAMINED 
AND  ANALYZED •  uU TW  NC-430  AND  SUPER  AT  SIC  EXHIBITED  NO 
SIGNIFICANT  CHANGE  IN  STRUCTURE*  ANO  MINOR  DIMENSIONAL  CHANGE 
AFTER  THE  1000  HOUR  EXPOSURE*  A  REDUCTION  IN  TUBE  THICKNESS  AT 
THE  LEADING  EDGE  OCCURRED  WITH  THE  ALPHA —5 INTEREO  SIC  TUBES* 

T*€  PROBABLE  CAUSE  OF  MATERIAL  LOSS  OF  THE  TUBES  IS  ACCELERATED 
OXIDATION  DUE  TO  IMPINGEMENT  OF  CONTAMINANTS  WHICH  ACTED  TO 
FRACTURE*  OlsSQLVE  AND  WASH  AWAY  THE  NORMALLY  PURE  SILICA 
PROTECTIVE  LAYER  THAI  FORMS  ON  THE  CARBIDE*  NO  STRUCTURAL  OR 
DIMENS I GNAL  CHANGES  WERE  OBSERVED  FOR  ANY  OF  THE  TUBE  MATERIALS 
AFTER  THE  100  KJUN  TEST  WITH  VASUB  2IQS&UB  SO  CONTAMINANT*  TEST 
MODULE  ClMSTRUCT ION  CUNT INUED  WITH  THE  GRINDING  OF  THE  EIGHT 
FOOT  TUBES  AM)  BRAZING  OF  THE  TUBE  SEGMENTS  TO  FORM  IS  FOOT 
LONG  IUBES*  HJRTV-SIX  EIGHT-FOOT  LUNG  TUBES  HAVE  BEEN  RECEIVED* 
CERAM 1C  S* FLY  A  SAIGAS  TURBINES) HEAT  EXCHANGERS:  Tl i JOINTS) 
MATERIALS:  QIIMICROSCUPV SOX IOATION {SILICON  CARBIDES) VANADIUM 
OXIDES 


G-42 


ACCESSION  NO. 
TI  nc  I  MONO  I 


CO  I  TON  (JR  COMP 
CORPORATE  AUTM 
PAU  NO 
AVAH.ASILI  TV 
CONTRACT  NO 
DATE 

CATEGORIES 
PR  INARY  CAT 
REPORT  NO 

abstract 


PC  SCR  IP  TORS 


W  OR  00*00*5 

OCVELOPNtNT  OF  HIGH  TEMPERATURE  TuRUINE  SUBSVSTEN  TECHNOLOGY  TO 
A  TECHNOLOGY  READINESS  STATUS.  PHASE  II.  PROGRESS  REPORT.  MAY 
l«T« 

HORNER. 

GENERAL  tLfCIRIC  CO..  SCECNECTADV.  NY  (USAJ.  GAS  TURBINE  OIV. 

SA 
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CONTRACT  EX-7B-C-0I-I806 
10  JON  IV79 
£00-20010* 

E  OB -20010* 
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PROGRESS  IN  THE  OESIGN.  FABRICATION  ANO  TESTING  OF  COMPONENTS 
FOR  HIGH  TEMPERATURE  GAS  TURBINES  FOR  COMBINED-CYCLE  PONER 
PLAN  IS  IS  REPORTED.  HOT  GAS  PATH  DEVELOPMENT  TEST  STAND 
FABRICATION  IS  CONTINUING.  TP*  FABRICATION  STATUS  OF  THE  TWO 
FIRST  STAGE  MJ22LES  TO  BE  TESTED  IN  THE  TURBINE  SIMULATOR  IS 
REPORTED.  SHOCK  TUNNEL  TESI  SECTION  CALIBRATION  DATA  IS 
PRESENTED  WHICH  VERIFIES  THE  NEW  LOCATION  OF  THE  TINE  OF 
ApMIVAL  SENS  CHS.  ALL  CONSTRUCTION  WORK  ON  THE  PGCUS  IS 
CUMPLETEU.  AERODYNAMIC  COMPONENT  TESTING  OF  ENDWALL 
CONFIGURATIONS  HAS  STARTED.  TESTING  OF  THE  NEW  RADIAL  CHANNEL 
HEAI  TRANSFER  SPECIMENS  IN  TPC  MOIORI2EO  TEST  RIG  IS 
CONTINUING.  A  CORRECTION  FACTOR  TO  BE  USED  WITH  THE  AIR  TURBINE 
HEAT  TRANSFER  TEST  RESULTS.  TO  ACCOUNT  FOR  THE  INOPERATIVE 
LEADING  EUGE  HEATENS  WHEN  THE  TEST  NAS  CONDUCTED.  IS  PRESENTED. 
AN  ANALYSIS  OF  The  CUMPRESSOR  DISCHARGE  CASING  STRUT  SPRING 
RATES  WAS  CUI^UtTLO.  FEATURES  TO  EXPEDITE  THE  FABRICATION  OF 
1HE  SECTUMAL  C OP BUS  1 UR  TO  BE  TESIED  IN  THE  HGPOIS  ARE 
DISCUSSED.  ADDITIONAL  DETAILS  REGARDING  THE  COMBUSTOR  OESIGN 
ANALYSIS  ARE  PRESENTED.  ALL  PLANNED  WIND  TUNNEL  TESTING  IN 
SUPPORT  UF  THE  COMBUSTOR  DEVELOPMENT  NAVE  BEEN  COMPLETED.  DATA 
FROM  THE  MOST  RECENTLY  COMPLETED  HEAT  TRANSFER  COEFFICIENT  TEST 
ARE  BEING  REDUCED.  A  RE-EVALUATION  OF  TPlE  THERMAL  STRAIN  IN  THE 
TRAILING  EDGE  OF  THE  FIRST  STAGE  NOZ2LE.  WITH  THE  EFFECTS  OF 
IPC  INITIAL  POT  ISOSTATICALLY  PRESSED  IHlPJ  CYCLE  SOPER  I NPOSEO . 
MAS  BEEN  COMPLETED.  THE  DESIGN  REMAINS  COMPATIBLE  WITH  THE  LCF 
DCS  I GM  CRITERIA.  AN  ALTERNATIVE  CONCEPT  FOR  CONVECTIVE  SHROUD 
COOLING  IS  DESCRIBED.  CO**>LETE  STATUS  OF  THE  MATERIALS  AND 
PROCESSES.  AMJ  MECHANICS  OF  MATERIALS  TASKS  ARE  OISCUSSED. 
AERODYNAMICS  ICONB  INEO-CY  CLE  POWER  PLANTS:  T I  (COMBUSTORS:  T3.G2I 
OESIGNIEXPERIMENTAL  data:  o I FA8R 1C ATI ONS  GAS  turbines:  T2.QI.0; 
graphs:  u  i  he  at  tmansferilow  btu  gas:materials  test  ing:operat  ions 
performance  testing:  ux.gjihesearch  programs  stables:  ostest 
facilities:  U2SVERV  high  temperature 
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SEN  1/TP — 31-2461  VUL  *2  MPT*  I  PP.  I  77-185 

HIGH  TEMPERA VURE  UK10ATIUN  OF  MATERIALS  IN  SOLAR  THERMAL 
CiMVERSION  SYSTEMS  UTILIZING  A  CAS  COOLANT 
STRINGER*  J* 
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RELIABILITY  tF  MATERIALS  FOR  SOLAR  ENERGY*  VOLUME  II*  PART  I* 
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OCT  1979 
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SERI/TP — 3 1  -24 to(  V0L.2MPT.  1  )  , _ 

solar  thermal  conversion  systems  utilizing  a  gas  coolant  nct 

EMPLOY  EITHER  AIR  OR  HELIUM  AS  THE  COOLANT  I  THE  HEAT  EXCHANGER 
MAY  OE  EITHER  METALLIC  OR  CERAMIC*  IN  MOST  SCHEMES  THE  ENTHALPY 
IS  EXTRACTED  FROM  THE  HEATED  CAS  BY  A  CAS  TURBINE*  IN  GENERAL* 
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IT  APPEARS  THAT  MECHANICAL  PROPERTIES  ARE  A  MORE  IMPORTANT 
LIMITATION  THAN  THE  OXIDATION  RESISTANCE  ON  THE  MAXIMUM  GAS 
TEMPERATURE  ATTAINABLE.  A  BRIEE  OUTLINE  OE  THE  IMPORTANT 
ASPECTS  OE  ThC  OXIDATION  OE  MATERIALS  IS  PRESENTED. 

AIR. ALLOYS «CLR  AM  ICS  I GAS  TURS 1NES.GASE  & .HE A  1  RESISTING  ALLOYS! 
HEAT  TRANSFER  FLUIDSJnEL IUMIH1GH  TEMPERATURE !  IMPOR IT IES ! 

materials:  i 1.02 ; metals; oxidation :  qi  ; solar  receivers :solar 

ThCRMAL  POWER  PLANTS!  T2 
B0C0039S92 

SERI/TP — 31«24<M  VOL. 2 MPT.  |  PP.  143-140 

DESIGN  OF  STRUCTURAL  CERAMIC  CO»*>ON£')TS  FOR  SOLAR  HIGH 
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ThC  Do JECT1VE  OF  TM IS  PROGRAM  IS  TO  EVALUATE  GAS  TURBINE 
ENGINES  IN  ADVANCED  DESIGN  TRANSIT  BUSES  UNDER  ACTUAL  SERVICE 
C0NUIT10NS.  THE  GOALS  ARE  TO!  (11  ACQUIRE  OPERATIONAL  AND 
ENGINEERING  DATA!  (2)  DETERMINE  BENEFITS  TO  TRANSIT  PROPERTIES! 
AND  (31  PROVIOE  CATALYST  FOR  ENGINE  COMMERCIAL I CAT  ION.  THE 
EXPECTED  NEAR-TERM  BENEFITS  ARE!  II)  ALTERNATE  FUELS!  (2) 
REDUCED  EMISSIONS!  (3)  INCREASED  BRAKE  LIFE!  (4)  ELIMINATION  OF 

engine  Cooling  systems  a  no  <  s )  increased  passenger  comfort,  the 

POTENTIAL  LONG-TERM  BENEFITS  ARE  EXPECTED  TO  BE!  (1)  FUEL 

ECONOMY!  ANO  ik\  reduced  maintenance  costs. 
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ABSTRACT  GREVHOUNO  LI  MSS  INC •  (GL1)  AND  THE  US  DEPARTMENT  OF  ENERGY  (DOE I 

HAVE  EMBARKED  ON  A  COMPREHENSIVE  DEMONSTRATION  TEST  PROGRAM  TO 
EVALUATE  A  HER*  MORE  PROMISING  DESIGN  OP  DETROIT  DIESEL  ALLISON 
(ODA)  GAS  TUiASlNE  ENGINES.  THESE  ENGINES  V  ILL  BE  INTEGRATED 
WITH  FOUR  HEAVY-DUTY  INTERCITY  COACHES  WHICH  W  ILL  OPERATE  IN 
REVENUE  SERVICE  OVER  ROUTES  MUTUALLY  AGREED  UPON  BY  GL I  ANO 
DOE •  CTFOl 
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THIS  REPORT  ►RESENTS  THE  RESULTS  OF  CONCEPTUAL  OESIGN  STUDIES 
ANO  RELIABILITY  ANALYSES  AS  PART  OF  A  COMPREHENSIVE  STUDY 
PROGRAM  VO  EVALUATE  THE  TECHNOLOGICAL  ANU  ECONOMIC  FEASIBILITY 
OF  UTILIZING  OPEN-  ANO  CLOSEO-CVCLE  GAS  TURBINES  INTEGRATED 
WITH  FOSSIL  NUCLEAR  HEAT  SOURCES  FOR  PROVIOlNG  ADVANCED 
LIGHTWEIGHT  PRUPULS  ION  POWER  FOR  FUTURE  NAVY  CAPITAL  SHIP 
APPLICATIONS.  THE  LEVEL  (JF  TECHNOLOGY  CONSIDERED  IS  THAT  JUOGED 
BY  THE  CuNTRAC  TOM  TO  BE  AVAILABLE  OUR  ING  THE  |990*S* 
CLOSEO-CVCLE  S  YS  TEMSJ  DCS  iGN:  U2IGAS  TURBINES:  T2.01  *  MEL  I  MM  I 
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A  CONCEPTUAL  DESIGN  AND  A  COST  ESTIMATE  WERE  MADE  FOR  THE  U.S* 
DEPARTMENT  OF  ENERGY  FOR  A  COMBINED  CYCLE  POWER  PLANT  USING 
PRESSURISED*  FLUIDIZED  BED  COMBUSTORS  AND  GAS  T UNBINES*  COUPLED 
WITH  SUPPLEMENTARY  FIRING  OF  THE  GAS  TURBINE  EXHAUST  IN  AN 
ATMOSPHERIC  FLUIOIZLO  BED  STEAM  GENERATOR*  THE  TECHNOLOGICAL 
ADVANCES  REQUIRED  FOR  THIS  TYPE  OF  SYSTEM  ARE  LESS  DEMANDING 
THAN  THUSC  FUR  OTHER  ADVANCED  COAL  CONVERSION  SYSTEMS* 
CUMBlNEO-CYCte  POWER  PLANTS!  T 1 (COST I DESIGN!  Qt (EVALUATION I 
FLUID1ZED-BEO  COMBUSTORS $GAS  TURBINE SI MEDIUM  PRESSURES 
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A  MEVlc*  OF  IHE  LITERATURE  ON  SPRAY  COMBUSTION  MAS  CONOUCTEO. 
WITH  PARTICULAR  EMPHASIS  ON  THEORETICAL  AND  EAPERlNENTAL  WORK 
OH  DROPLET  AM)  SPRAY  COMBUSTION  RELEVANT  TO  THE  USE  OF 
ALTERNATE  FULLS  (MAINLY  LIQUID  FUELS  DERIVED  FROM  COAL  ANO 
sHALSI.  PRINCIPAL  DIFFERENCES  BETWEEN  COAL-OCRIVEO  LIQUID  FUEL 
AND  PE  t  RULE  U  N  HAVE  BEEN  IDENTIFIED*  COAL  LIQUIDS  HAVE  A  LOWER 
HYDRUGfe N— T O— LAND UN  hATIO.  HIGHER  AROMATIC  COMPOUND  CONTENT* 
GkEAlbR  IENDENCY  TO  FORM  SOOT*  ANO  dURN  WITH  A  MORE  LUMINOUS 
FLAME*  COAL  LIQUIDS  PUSE  POTENTIAL  CARCINOGENIC  HAZARDS  IN 
HANDLING  THE  FUEL  A Y4j  FRUM  SOOT  RESULTING  FROM  THEIR 
COMBUST  I UN.  OJAL  LIQUIDS  ARE  LESS  STABLE  THAN  PETROLEUM* 

CONTAIN  CONSIDERABLY  MORE  ORGANIC  NITROGEN*  PRODUCE  MORE  NO/SUB 
X/  m  HE  N  HUWNtL) .  AND  CONTAIN  LESS  SULFUN*  THEY  ALSO  CUNTAIN  A 
BROADEN  RANG  c  UF  VOLATILES*  AND  SPRAY  OROPLETS  OF  COAL  liquids 
UNDERGO  SWELLING*  DISRUPTIVE  BOILING*  Ml CROE XPLOS IONS • 
LIQUID-PHASE  PYROLYSIS*  ANO  HAVE  GREATER  RAOIATIvE  EFFECTS* 
ALTHUUUM  OEMlNSTHaT ION  TESTS  HAVE  SHOWN  THAT  COAL  LIQUIOS  CAN 
BE  BURNED  IN  VARlUUS  COMBUSTING  DEVICES*  SUCH  AS  GAS  TURBINES* 
DIESEL  ENGINES*  UTILITY  UOlLERS*  ANO  RESIDENTIAL  FURNACES* 

THESE  TESTS  H* VE  IDENT IF l£D  PROBLEMS  THAT  MAY  BE  ENCOUNTERED: 
PLUGGING  AND  FOULING  OF  FUEL  NOZZLES*  INCREASED  NO/SUB  X/ 
EMISSIONS.  HOT  CORROSION  OF  TURBINE  BLADES*  COOL I NG— HOLE 
PLUGGING*  IRREGULAR  BURNING*  HIGHER  COMBUSTOR— WALL 
TEMPEmATLrES  *  HEATER  SOOT  FORMATION*  AND  VARIABILITY  BETWEEN 
COAL  —L  1  UUl  D  SAMPLES*  ALTHOUGH  CONSIDERABLE  PROGRESS  HAS  BEEN 
HAD E  IN  UNOERS TANOING  THE  SPRAY  COMBUSTION  PROCESSES  OF  NORMAL 
PETROLEUM  LIQUIDS*  CONSIDERABLE  RESEARCH  WORK.  IS  NEEDED  IN 
AREA  OF  SPRAY  COMBUSTION  OF  ALTERNATE  FUELS*  FURTHERMORE*  THE 
LITERATURE  INDICATES  THAT  SPRAY  COMBUSTION  OF  FUELS  SIMILAR  TO 
COAL  LIQUIDS  IS  CUNSIGERABLY  MORE  COMPLEX*  AND  THAT  A  MAJOR 
RESEARCH  LFFtRT  IS  REuUIRED  IN  ANTICIPATION  OF  SIGNIFICANT 
SUBSTITUTION  OF  COAL  LIQUIDS  FOR  IMPORTED  PETROLEUM  FUELS* 

ANGMAT ICbSATl*  IZA1 IONS  Q I *Q2  »Q3 *U 4 . CARCINOGENS .COAL  L IQU IDS:  T  21 

Combust  ion:  ui *u^»qs*ua;diesel  engines; droplets; fuel  oils:  ti; 
gas  turbines ;n it rug en  ox ides;organic  nitrogen  compounossre views; 
shale  oil:  t  j;  sprays; stability ; sulfur ;svNTfC tic  fuels:  ta 
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TURbO-MALMlNL  PLANT  HAVING  OPTIONAL  OPERATING  MODES 
HOFFE I NS*  H* 

TO  BROWN  DOVER  1-SULZER  TlRBOMASCH  |  NEN  AG 

PRIORITY  DATE  B  NOV  1973*  GERMAN*  FEDERAL  REPUBLIC  OF  |F*R* 
GERMANY  » 

A 

26  SEP  IV7B 
EUB-2SOZOO 
c  OB -2  SO  200 
PATENT 

A  TURBO-MACHINE  PLANT  COMPRISES  A  GAS  TURBINE  CONNECTED  TO  A 
SYNCHRONOUS  ELECTRICAL  MACHINE  BY  WAV  OF  AN  OVER-RIDING  CLUTCH 
ANO  A  COMPRESSOR  CONNECTED  TO  THE  ELECTRICAL  MACHINE  BY  WAV  OF 
A  DISCONNCC  HOLE  COUPLING*  ThE  MACHINE  GROUP  IS  OPERABLE  IN  TWO 
DIFFERENT  MOUES*  IN  ONE  MODE*  THE  ELECTRICAL  MACHINE  FUNCTIONS 
AS  A  MO  TON  FUR  DRIVING  T  ►«  COMPRESSOR  WHICH  OELlVERS  AIR  TO  AN 
AIR  > TOR AGE  CH AMBER  ANO  THE  GAS  TURBINE  IS  AUTOMATICALLY 
UNCONNECTED  FROM  THE  ELECTRICAL  MACHINE  BY  THE  OVER-RIDING 
CLUTCH*  TO  CHANGE  OVER  TO  THE  OTHER  OPERATIONAL  MODE  THE  POWER 
ABSORPTION  OP  THE  COMPRESSOR  IS  FIRST  REDUCED  TO  A  LOW  LEVEL* 
AND  THE  GAS  TURBINE  IS  THEN  BROUGHT  UP  TO  SYNCHRONOUS  SPEEO  AND 

becomes  coupled  to  the  electrical  machine  which  then  operates 
for  current  generation* 

compressed  air  s  ion  age  power  plants:  mhcompressorsselectric 
gEneratowsjgas  turb ines; iteration:  02; turbomachinery:  m2*qi 

BOC002770B 

STAR  I -UP  AND  SHUT-OCWN  AS  WELL  AS  PART -LOAD  PERFORMANCE  OF 
POWER  PLANTS  WITH  FLUlUlZEO  BED  COMBUSTION 

plackmeyer*  J* 

W 1RBELSCH I CM  IF  CUE RUNG •  GRUPPE  3:  KOMPONENTEN  UNO  TE ILPROBLEME 

139-145 

CONFERENCE  ON  FLU ID  1 ZED-BED  COMBUSTION 
UUE&SELDOHF*  GERMANY*  F  •  R* 

S  -  7  NOV  19  78 

VDI — VfeRL* •  Out  SSELDDRF *  GERMANY*  F*R* 

I  978 

IN  GERMAN 

SUB-2  00  1  04  1  014  000 

E OB— 200104 

FIM  A  GAS  TUHJINE  PLANT  WITH  FLUIDIZED  BED  COMBUSTION  THE 
STARI-UP  PERFORMANCE  IS  STUDIEO  BY  CALCULATION*  THERE  ARE 
PRESENTED  INU  WAYS'  OF  STARTING  UP  TO  FULL  LOAO  AND  ONE  TO 
PARTLOAD*  FUR  THIS  PURPOSE  THE  TIME  BEHAVIOR  OF  THE  GAS  ANO 
PIPE  TEMPERATURES  AS  WELL  as  OF  THE  OPERATING  PRESSURE  AND  THE 
POWER  IS  SH01M*  MOREOVER*  THE  EXPANSION  AND  ASH  REMOVAL 
PERFORMANCE  Ur  THE  FLUIDIZED  BED  IS  ILLUSTRATED*  ADVANTAGES  ANO 
DISADVANTAGES  UF  THE  DIFFERENT  WAVS  OF  START-UP  ARE  DISCUSSEO* 

in  addition*  there  were  studied  possible  accidents  on  start-op 

AND  DISCUSSED  CONSEQUENCES  AS  WELL  AS  REMEDI AL  MEASURES*  TO 
CONCLUDE  WITH*  NECESSARY  MEASURES  IN  SHUT T ING-OOWN  THE  PLANT 
WERE  DISCUSSEO* 

COAL  «F  LG  1U  12  LD-8EO  COMBUSTORS:  T  I  *  02  J  FOSS  tC-FUEL  POWER  PLANTS. 
T2IGAS  TURBINES;  1GN 1 1  ION SOPERAT ION:  QliPlLOT  PLANTS .PRESSURE 
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SRC —I  I  DEMONSTRATION  PROJECT.  PHASE  ZERO.  TASK  NUMBER  31 
DELIVERABLE  MJMBEM  9.  VOLUME  2.  MARKET  ASSESSMENT 5 
COMBUSTION  TEST  PROGRAM.  SUPPORTING  RESULTS 
PITTSBURIP1  AND  MIDWAY  COAL  MINING  CO. »  DENVER.  CO  (USA) 
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A  NUMBER  OF  COtOUST ION  TESTS  OP  SRC-l I  FUEL  OIL  HAVE  BEEN 
CONDUCTED  WITH  FINANCIAL  SUPPORT  FROM  GULF.  EPRI.  ANO  OTHER 
ORGAN! Z AT  IONS.  REPORTS  FROM  THE  TESTS  INCLUOED  IN  THIS  VOLUME 
PROVIDE  INFORMATION  ABOUT  THE  TECHNICAL  FEASIBILITY  OF  SRC-II 
FUEL  OIL  USE  IN  VARIOUS  MARKETS.  THIS  SECTION  PHUV  tOES 
TECHNICAL  ABSTRACTS  ANO  HIGHLIGHTS  OF  EACH  TEST  ANO  OFFERS  SOME 
INTERPRETIVE  COMMENTS  TO  POINT  OUT  ISSUES.  PLACE  ITEMS  IN 
CONTEXT.  AND  OFFER  ALTERNATIVE  SOLUTIONS  TO  PROBLEMS.  A  TABLE 
INDICATES  THE  VARIOUS  BOILER  ANO  BURNER— OE SIGNS  ANO  FLAME 
CONFIGURATIONS  FOR  EMISSIONS  SUPPRESSION  IN  EACH  TEST.  THE 
SUCCESS  OF  THESE  DESIGNS  IN  SUPPRESSING  EMISSIONS  FROM  SRC-11 
FUEL  OIL  COMBUSTION  IS  INDICATEO  BY  THE  RESULTING  NO/SUB  X/ 
CONCEN (RATIONS.  FUEL -NO  YIELDS.  SMOKE  MJM8ERS  AND  PARTICULATES 
CONCENTRATIONS.  COMMENTS  ABOUT  EACH  TEST  ARE  SUMMARIZED. 

AIR  POLLUTION  CO NtR OL 1 80  ILE RSI BURNERS I COAL  L IUUEFACT I ON I COAL 
LIOUIOS:  T2, US  COMBUSTIONS  02.D SOEMONSTRA T ION  PLANTS:  01 (DESIGN; 
ELECTRIC  UT IL1 TIES! EXPERIMENTAL  DATA:  0;FUEL  OILS (GAS  TURBINES S 

graphs:  o;ma*ket;  02;mix ingsnitrogen  ox ides (performance 

TESTINGS  U2.u;  PHYSICAL  PROPERTIES (SRC -II  PROCESS:  T 1 S TABLES:  O 
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SRC-II  DEMON  ST  GA I  ION  PROJECT.  PHASE  ZERO.  TASK  NUMBER  3: 
DELIVERABLE  NJMBER  9.  VOLUME  I.  MARKET  ASSESSMENTS  MARKET 
OPPORTUNITY  FOR  SRC-II  FUEL  OIL 

PITTSBURGH  AM)  MIDWAY  COAL  MINING  CO..  DENVER.  CO  (USA) 

674 
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SRC-II  FUEL  OIL  IS  POTENTIALLY  ATTRACT  'E  AS  A  FUEL  FOR 
GENERATING  ELECTRIC  POWER  FOR  TX  FOLLOW ! NG  REASONS:  (I)  SRC-11 
FUEL  OIL.  AT  PRESENTLY  ESTIMATED  COSTS.  WCULO  6f.  EXPECTED  TO  BE 
ECONOMICALLY  COMPETITIVE  WITH  REPLACING  OIL  IN  EXISTING 
UlL -FIRED  BOILERS.  FUELING  NEW  OlL-FIREO  BOILERS  IN  EAST  COAST 
URBAN  LOCATIONS.  ANO  FUELING  NEW  COMB  iNEO  CYCLE  COMBUSTION 
IURBINES  AT  TODAY •  S  LEVEL  OF  TECHNOLOGY  ANO  NEW  ADVANCED 
CIMINEO  CYCLE  COMBUSTION  TURBINES  AT  FORECASTED  LEVELS  OF 
TECHNOLOGY  REGARDLESS  OF  UTILITY  LOCATION.  (2)  AT  THE  PROJECTEO 
ESMMATE  OF  SRC- 1  1  FUEL  OIL  COSTS.  SRC -I :  FUEL  OIL  WOULD  BE 
EflPECTEO  TO  BE  ECONOMICALLY  COMPETITIVE  IN  EASTERN  URBAN  AREAS 
COMPARED  TO  UTXR  MEANS  UF  COAL  UTILIZATION  FOR  ELECTRIC  POWER 
GENERATION.  THIS  INCLUDES  BOILERS  WITH  FLUE  GAS 
OESULFURIZATION.  WITH  ON-SITE  OR  OFF-SITe  SLUDGE  OlSPOSAL.  AX 
COAL  GASIFICATION  INTEGRATED  WITH  ADVANCED  COMBINED  CYCLE 
COMBUST  ION  TLHBINES.  (3)  THE  SRC-II  FUEL  OIL  ALTERNATIVES  WOULD 
nave  THE  ADDITIONAL  ADVANTAGE  OF  BEING  AN  ENVIRONMENTALLY  CLEAN 
METHOD  UF  GEXRATION  WHICH  WOULD  NOT  PRESENT  WASTE  CONTROL 
PROBLEMS  AT  THE  SITE  OF  ELECTRIC  POWER  GENERATION.  THIS  IS 
ESPECIALLY  |**OITAMT  FOR  THE  ELECTRIC  POWER  GENERATION  DEMANDS 
OF  THE  PUP  ULCUS  EAST  COAST  REGION.  WHEN  THE  above 
CONS I DERATIONS  ARE  LOMblNEO  IN  A  UTILITY  SYSTEMS  ANALYSIS  WITH 
THE  HIGHER  RELIABILITY  OF  S IMPLE-TO-OPERA TE  AND  MAINTAIN 
OlL-FIREO  GENERA  1 1NG  EQUIPMENT.  THE  SRC-II  FUEL  OIL 
ALTERNATIVES  EMERGE  HAVING  THE  POTENTIAL  TO  PROVIDE  A  LOWER 
REVENUE  REQUIREMENT  TO  TX  UTILITY  SYSTEM.  WHEN  U&EO  IN 
CONJUNCTION  WITH  NUCLEAR  BASE  LOAD  POWER  GENERATION.  BY 
PROVIDING  ELECTRIC  POWER  IN  A  BROAD  RANGE  OF  LUAO 
CLASSIFICATION  AND  FUR  REGIONS  IN  ADO I T I ON  TO  EAST  COAST  URBAN 
AREAS.  TX  OuM  INANT  ECONOMIC  THEME  IS  THE  INABILITY  OF  TX 
OIRECT  USE  OF  COAL  ALTERNATIVES  TO  OFFSET  THEIR  HIGHER  CAPITAL 
AX  OPERATING  COSTS  WITH  TX  LOWER  FUEL  COST  OF  COAL.  CONPAREO 
TO  TX  ESTIMATED  COST  OF  SRC-II  FUEL  OIL. 
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COMBUST  I UN  PROPERTIES  OP  COAL  OUST.  WEAR  PROBLEMS  OF 
COAL-DUST-FIXD  DIESEL  CXIXS.  AND  COAL  OUST  OPERATING 
PROBLEMS  OF  GAS  TURBIXS  ARC  DISCUSSED. 
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POTENTIAL  FOR  THESE  CONCEPTS  IS  ENHANCED  BY  ONGOING  CATALYST 
DEVELOPMENT  ANO  THE  NEED  FOR  STRICTER  EMISSION  CONTROL.  THREE 
SYSTEM  CONCEPTS  HAVE  BEEN  TESTED:  A  RADIATIVE 
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APPLICATION  TO  BOTH  BOILER  ANO  TURBINE  SYSTEMS  WITH  STRONG 
POTENTIAL  FOR  CONTROL  OF  FUEL  NO/SUB  X/.  CONCEPTUAL  DESIGNS  FOR 
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AREAS  UF  DEVELOPMENT  ARE  PRESENTED.  EXPERIMENTAL  DATA  FOR 
SYSTEM  EMISSION  SUPPORT  THE  CONCEPTUAL  OES1GNS. 
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A  THEORETICAL  MODEL  IS  DEVELOPED  WHICH  TAXES  ACCOUNT  UF  HE AT 
EXCHANGE  BETWEEN  THE  GAS  ANO  THE  ENCLOSING  WALLS.  PIPELINES  ANO 
APPARATUS  ARE  MODELLED  BY  FLOW  CHANNELS  WITH  A  NUMBER  OF 
SUBSECTIONS.  TWO  FLOW  CHANNELS  WITH  ONE  COMMON  WALL  REPRESENT 
THE  HEAT-EXCHANGING  APPARATUS.  OUAS IS TAT IONAMV  BEHAVIOR  OF  THE 
TIP 80MAC MINE NY  is  ASSUMED.  EXPERIMENTS  WITH  THE  CLOSED  HOT-AIR 
TURBINE  UF  ETCNGIEVERSORGUNG  OBER HAUSEN  AG  PROVE  THE 
RELIABILITY  THE  METHOD  OF  CALCULATION. 
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ABSTRACT  M  CLAIM  IS  BASED  ON  IDEAS  FOR  COMBINING  THE  ADVANTAGES  OF  A 

CONDENSATION  POMER  STATION  WITH  THE  ADVANTAGES  OF  A  HOT  AIR 
C  GAS  I  TURBINE  MULE  AVOIDING  THE  RESPECTIVE  DISADVANTAGES* 

SOt SUB  2t  IS  PROPOSED  AS  THE  MEOlUM  I N  AN  EXAMPLE  OF  AN 
APPLICATION*  WHICH  IS  COMPRESSED  FROM  S  TO  I4.S  BAR  BY  A  LIQUID 
PUMP*  AND  IS  THEN  EVAPORATED  AT  7St$UP  OtC  USING  CHEtP  WASTE 
HEAT*  IS  FURTHER  HEATED  IN  THE  REGENERATOR  AND  FINALLY  REACHES 
A  MAXIMUM  TEM>ERATUkE  OF  70SSSUP  OtC  IN  THE  BOILER*  IT  IS 
REDUCED  IN  PRESSURE  10  S  BAR  IN  A  TURBINE*  WHERE  IT  CARRIES  OUT 
WORK*  IS  FURTHER  COOLEO  IN  THE  REGENERA TUR *  ANO  IS  THEN 
CONDENSED  WITH  COOLING  WATER  IN  THE  HEAT  EXCHANGER  AND  RETURNEO 
TO  The  POMP*  IN  COMPARISON  WITH  A  HOT  AIM  TURBINE*  WHERE  A 
LARGE  PART  OF  THE  OUTPUT  IS  CONSUMED  BY  THE  COMPRESSOR*  THIS 
EXAMPLE  PROVIDES  A  MUCH  HIGHER  CALCULATED  EFFICIENCY*  AS  THE 
REQUIRED  PUMP  OUTPUT  IS  VERY  LOW*  IN  A  FURTHER  EXAMPLE*  CO t SOB 
2 t  IS  PROPOSED  AS  THE  CIRCUIT  MEDIUM.  WHICH  EVAPORATES  AT 
AMBIENT  TEMPER  ATONES*  BUT  HAS  TO  BE  COOLEO  BELOW  -b OS SUP  OtC 
FOR  CONDENSATION*  LlUUlO  NATURAL  GAS  FROM  A  LNG  TANKER  SHOULD 
dE  TAKEN  TO  THE  HLA I  EXCHANGER  FOR  THIS  PURPOSE*  A  MUCH  HIGHER 
EFFICIENCY  IS  ALSO  CALCULATED  FOR  THIS  EXAMPLE*  THAN  FOR  A  HOT 
AIR  TURBINE  WITH  LlOUlO  NATURAL  GAS  COOLING*  IT  IS  ALSO 
PROPOSED  TO  USE  SOLAR  HE  AT  OH  GEOTHERMAL  HEAT  FOR  EVAPORATION* 
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MOLTEN  Salt  LAYERS  RICH  IN  ALKALI  METAL  SULFATES  IN  THE 
presence  of  relatively  high  sossub  3*  partial  pressures,  this 
PRODUCES  ACID  FLUXING  OF  THE  NORMALLY  PROTECTIVE  OXIDE*  ANO 
SEVERAL  MECHANISMS  EXIST  VHlCH  RESULT  IN  T*C  DISSOLVED  METAL 
BEING  REPRECIP ITATEO  AS  A  LOOSE*  POROUS*  NONPROTECT 1VE  OXIDE  IN 
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lhE  OUTER  PANTS  UP  1HE  NUUffcN  SALT  LAVER.  IHE  SECQNO  FORM  OF 
CORPUS  1  UN  IS  SULFIDATIUN/OXIUATION.  WHICH  OCCURS  WHEN  THE 
OXYGEN  ACTIVITY  IS  LUW  IN  THE  PRESENCE  OF  A  SULFUR  SOURCE  SUCH 
AS  FeS  ON  CA*0»SUb  4».  BECAUSE  COAL  CONTAINS  ASH.  THE 
CUMOUSIIUN  PNOUUC1S  CONTAIN  PARTICULATES.  AND -THESE  CAN  RESULT 
IN  EROSION  OF  4C  TALL  1C  COMPONENTS.  THE  MEMEOIES  ARE  TO  REMOVE 

the  pamticles*  reduce  the  das  velocity,  or  improve  the 

MATERIALS.  WHILE  THE  SELECTION  AND  DESIGN  OF  NATERlALS 
RESISTANT  TO  TK  EROSIVE  A  NO  COMMUSIVE  ENVIRONMENTS  IS  PLAINLY 
VERY  IMPORTANT*  MANY  OF  THE  PROBLEMS  CAN  BE  REDUCEO  OR 
ELIMINATED  BY  APPROPRIATE  CHANGES  IN  DESIGN  OH  OPERATIONAL 
PROCEDURE.  IT  IS  IMPORTANT  TO  CONCENTRATE  THE  .MATERIAL  RESEARCH 
IN  AREAS  WMEnE  NO  ALTERNATIVE  FIX  IS  AVAILABLE.  OR  WHERE  IT 
WUULO  BE  UNACCEPTABLE  ON  ECONOMIC  OR  PRACTICAL  GROUNDS. 

IMPROVED  MATERIALS  MAY.  HOWEVER.  NOT  ELlMINAfE  THE  NEED  FOR  A 
DESIGN  OR  OPERATIONAL  CHANGE.  BUT  THEY  MAY  MAKE  IT  EASIER  TO 
ATTAIN  AV  A  REASONABLE  COST.  THE  INTERACTION  OF  THE  MATERIALS 
PROBLEMS  WITH  THE  SYSTEM  CHARACTERISTICS  MUST  ALWAYS  BE  BORNE 

DC SCR  IP TOMS  ALKALI  METAL  C IMPOUNDS S CLOSED-CYCLE  SYSTEMS; COAL!  TA l CORROSION I 

CYCLONE  SEPAkA TORS; EROS  ION!  US IFLU IDI ZEO-BEO  COMBUSTION:  Q4S 
FLU1D1/LU-BEU  COMBUSTORS:  T6S FOSSIL-FUEL  POWER  PLANTS:  TISGAS 
TiMBlNES:  T3.Ot.HEAT  EXCHANGERS:  T2.0I;hOT  GAS  CLEANUPS 
materials:  oz.ussox  t  datum:  oe  spar  ticles;  removal  .sulfates: 
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INDUSTRIAL  TCP  BINES  FIRED  ON  MEDIUM  HEATING  VALUE  IMHVI  GAS 
(NOMINALLY  300  BTU/SCFt  SYNTHESIZED  FROM  COAL  OFFER  AN 
ATTRACTIVE  ALTERNATIVE  MEANS  OF  PRODUCING  ELECTRICAL  POWER  IN 
THE  FUIURE.  PEAK  FLAME  TEMPERATURES  RESULTING  FROM  COMBUSTION 
OF  THIS  NHV  GAS  IN  CONVENTIONAL  DIFFUSION  FLAME  COMBUSTORS  MAY 
BE  COMPARABLE  TO  THOSE  OF  NATURAL  GAS.  YIELDING  UNOES1RABLV 
HIGH  CONCENTRATIONS  OF  NU/SUtt  X/.  THE  PURPOSE  OF  THIS  PROGRAM 
WAS  TO  DEMONSTRATE  A  NHV  GAS  TURBINE  COMBUSTOR  CAPABLE  OF 
MEETING  ENVIRONMENTAL  PROTECTION  AGENCY  (EPA|  NO/ SUB  X/ 
REQUIREMENTS  WITHOUT  WATER  INJECTION.  PROGRAM  OBJECTIVES  WERE 

to  design,  fabricate,  and  test  three  mmv  combustor 

CONFIGURATION  AN0  TO  DEMONSTRATE  HJ/SUB  X/  EMISSIONS 
COfCCNTNATlON  UF  IS  PPMV  (DRY  BASIS)  OR  LESS  AT  A  BURNER  INLET 
PRESSURE  OF  1.2?  ATMS.  TN  PROGRAM  GOAL  UF  IS  PPMV  CORRESPONDS 
TO  APPROXIMATELY  SS  PPMV  AT  ENGINE  PRESSURES.  CURRENT  EPA 
RtuUlHEMfcMlS  ARE  7S  PPMV.  DESIGN  OF  THE  COMBUSTORS  WAS  BASED  ON 
A  LEAN-PREMIX  CONCEPT.  BY  PREMIXING  FUEL  AM)  AIR  IN  LEAN 
PROPORTIONS  PR  IOR  TO  COMBUSTION.  FLAME  TEMPERA TURES •  ANO  THUS 

NO/SU0  x/  formation,  were  controlled,  tests  were  conducted  in  a 

SINGLE -CAN  COMBUSTOR  RIG  AT  SIMULATED  ENGINE  CONDITIONS  RANGING 
FROM  40  TO  1*5*  OF  ENGINE  BASEL0AD  174  MW).  MEASURED  DATA 
INCLUDED  INLET  AND  EXIT  TEMPER ATURES.  PRESSURES.  AND  EMISSIONS 
OF  NU/SUb  X/.  CO.  CUSSUB  2*.  OSSUB  2t  ANO  TOTAL  (UNBURNEO) 
HYUROCAMbONS.  A  CONVENTIONAL  DIFFUSION  FLAME  BURNER  FIRED  ON 
NATURAL  GAS  WAS  ALSO  TESTED  TO  OBTAIN  BASELINE  DATA.  NO/ SUB  X/ 
DATA  WERE  CORRECTED  TO  STANDARD  CONDITIONS  AS  PER  EPA 
REQUIREMENTS  FUR  INLET  PRESSURE.  PERCENT  OSSUB  2S.  ANO  SPECIFIC 
HUM |u I T Y *  R1g  DATA  WERE  ANALYZED  TO  OBTAIN  PERFORMANCE 
PARAMETERS  OF  COMBUSTION  EFFICIENCY.  BURNER  PRESSURE  LOSS.  4M> 
EXIT  TEMPERATURE  PATTERN  FACTOR.  RESULTS  SHOW  THAT  ALL  THREE 
LOMBUSTUHS  meet  The  NO/SUB  X/  GOAL.  WITH  corrected 
CONCENTRATIONS  OF  12  PPMV  OR  LESS  OVER  THE  RANGE  OF  TEST 
CONDITIONS. 

AIR  POLLUTION  CONTROL.  D (BURNERS :  T4S CHEMICAL  REACTION  YIELD! 
Q2.DSC0AL  GASl PICA T 10NJ COMBUST  ION:  Q| .DJ COMBUSTORS SOES I GN!  Q4| 

electric  utilities:  T3; experimental  data:  dsgas  turbines:  03; 

GRAPHS:  D. IN TERMED I Af E  BTU  GAS!  T I .DJNl TROGEN  OXIDES:  T2.0I 

tables:  u 


ACCESSION  NO. 

report  no* page 

IITLE 


AUTHORS 
AOTHJR  AFP 
IIIU(HOM)) 

PAGE  NO 

availability 

CONP  TITLE 


CONP  PLACE 
CONF  DATE 
OATE 

CATEGORIES 
PRIMARY  CAT 
REPORT  NO 


BOC0004040 

CQNF-79I0I4  PP.  V. 26“ V.27 

TASK  31  GAS  TvJtBlNE  TEC»9«OLUGY  OF  THE  COAL  FIRED  C0R81NED 
CYCLE  DEVELOPMENT  PROGRAM 
BELTRAN.  A.M.S  GREY •  O.A. 

GENERAL  ELECTRIC  CO..  SOENECTAOV.  NY  • 

FOURTH  ANNUAL  CONFERENCE  ON  MATERIALS  FOR  COAL  CONVERSION  AND 

UTILIZATION 

V.26-V.27 

OEP.  NT  IS.  PC  A99/MF  AOI. 

4.  ANNUAL  COHERENCE  ON  MATERIALS  FOR  COAL  CONVERSION  ANO 

UTILIZATION 

GAITHERSBURG.  MO.  USA 

9  OCT  1979 

1979 

E 06— 0140001200  1 04 
EOS -014000 
CONF— 79  1014 - 


57 


abstract 
oe  scrip  tors 


G-70 


G-71 


G-72 


NONE 

cladding;coal;coat ings; combined-cycle  power  plants s combust  ion 

PWOOUCTS:  T2  «Q  I*.  CORROSION  RESISTANCES  03;  CORROS 1  Vfc  EFFECTS •  02  I 
FLU  lDlZ£D-t)£D  combustion:  ti;gas  turbines:  T  3 


ACCESSION  no. 
REPORT  NO, PAGE 
TITLE 
AUTHORS 
AUTHOR  AFP 
T I  TLE  (  MONO  ) 

PAGE  NO 
AVA 1LABILI TV 
CONF  1I1LE 

LONF  PLACE 
CO NF  OATt 
DATE 

CATEGORIES 
PRIMARY  CAT 
RERUN  1  NO 
ABSTRACT 


UESCRIPTQRS 


B0C0004039 

CUNF-791014  PP.  32“«»0 

MATERIAL  DESIGN  REQUIREMENTS  FOR  COAL  COMBUSTION 
SIMS,  C.T. 

GENERAL  ELECTRIC  CO.  •  SCtCNECTAOY.  NV 

FOURTH  ANNUAL  CONFERENCE  ON  MATERIALS  FOR  COAL  CONVERSION  AND 

UIILIZAT ION 

32-GO 

DEP.  NT  IS,  PL  A9V/MF  AO  1 • 

A.  ANNUAL  COHERENCE  ON  MATERIALS  FOR  COAL  CONVERSION  AND 

util IZATION 

GA| IHERSUURG,  MO,  USA 

9  OCT  19/9 

1979 

eob-oiAOooi3so ios 
E 06-01*000 
CUNF-791014  — 

CUAL-0ER1VE0  FUELS,  INCLUDING  DIRECTLY  COMBUSTED  COAL* 
CUAL-DERIVED  LIQUIDS,  AND  COAL-OERiVEO  GASES  POSSESS  POTENTIAL 
TU  CAUSE  DAMAGE  TO  GAS  TLMBlNE  HOT  STAGE  PARTS  ANO  TO  HEAT 
EXCHANGENS  IN  CONIACI  WITH  THE  FUEL  COMBUSTION  PRODUCTS.  PROPER 
PRODUCTION  AND  EFFECTIVE  CLEANING  OF  Tt€  FUELS  ANO  GAS  STREAMS 
IS  MANDATORY  TU  PkECLUOE  OCCURRENCE  OF  CORROSION,  EROSION  AND 
FOULING.  ADVANCED  A  I R— <20  LA.  ED  TURBINE  DESIGNS  ANO  WATER-COOLED 
DESIGNS  AS  WELL  AS  HEAT  EXCHANGERS  REQUIRE  COOLED  MATERIALS  TO 
OPERATE  IN  GAS  STREAMS  AT  HIGHER  TEMPERATURES  THAN  EVER, 
CREATIN'*  SHAN*  THERMAL  GRADIENTS.  THESE  CAN  GENERATE  A 
SIGNIFICANT  W11ER1ALS  PRudLEM.  FUEL  SPEC  IF  IC  A  T  IONS  EXISTING  FOR 
GASES  ANU  PE  TRULEUM  -BASED  FUELS,  WHILE  HELPFUL  AS  GUlOES  FOR 
COAL  AND  COAL— DER 1 VED  FUELS,  ULTIMATELY  WILL  REQUIRE  REVISION. 
FUR  EXAMPLE,  NA  ANU  X  CAN  NO  LONGER  BE  CONSIDERED  EQUIVALENT 
WITH  RESPECT  TO  CORROSION  DAMAGE.  REDUCED  AVAILABILITY  ANO 
INCREASED  COST  OF  THE  NONFERROUS  ELEMENT  UT1L1ZE0  IN 
HICH-PEKFURMW4CE  ALLOY'  WILL  BE  INTERMITTENT  NAGGING  PROBLEMS: 
WORK  IS  ESSENTIAL  TO  DEVELOP  ALLOYS  WITH  LESS  STRATEGIC  ELEMENT 
CONTENT,  PRODUCTIVE  BASIC  AND  APPLIED  RESEARCH  INVOLVING  THE 
UNIVERSITY-TYPE  ATMOSPHERE  WITH  INlEuRAT ION/LEADERShIP  BY 
INDUSTRY  IS  f^EDEO  IN  THE  FOLLOWING  AREAS:  IMPROVEO  ALLOY 
PRO  TEC  V  ION ,  ACTIVITY  TO  UNDERSTAND  DETAILS  OF  ADVANCED 
PROCESSING,  GREATER  STRENGTH  AND  FATIGUE  BEHAVIOR,  DEVELOPMENTS 
OF  COMPOSITE  SUPEkALLOYS  STRUCTURES,  DEVELOPMENT  OF  CORROSION  - 
RESISTANT  TdC*  S,  AND  WELDABLE/ JO IN ABLE  HEAT  EXCHANGER  ALLOYS 
WITH  GREATER  CREEP  RESISTANCE. 

availability;cm<omium;claodinu;coal:  tiicoal  gasif  icationjcoal 
liguefac uonjcjal  liquids:  T3; combined-cycle  power  plants; 
combustion:  ui  ,u*,u  j;cornjsiun;corrosion  resistant  alloys; 
design:  u4,qs; erosidn;fluidi zeu-ueo  combustion:  qi ; fouling ;fuel 
gas:  T2;ua$  turbines:  tatheat  exchangers:  ts '.materials:  oa,qs; 
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IrC  FOURTH  AW40AL  CONFERENCE  ON  MATERIALS  FOR  COAL  CONVERSION 
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EXTENSIVE  EXPERIENCE  GAllCD  WITH  GAS  TURBINES  OPERATING  NOT 
JM.V  WITH  COAL  AS  FUEL  BUT  ALSO  WITH  DUSTY  INLET  AIR  AND  WITH 
DIRTY  FUELS  (SUCH  AS  HEAVY  OILS  AND  BLAST  FURNACE  GAS)  AS  WELL 
AS  PETROLEUM  CATALYTIC  CRACKING  UNITS  WAS  REVIEWED*  ALL  THIS 
EXPERIENCE  INDICATES  THAT  THE  PARTICULATE  CONTENT  OF  THE  HOT 
GASES  FED  TO  Tt£  TURBINE  MUST  BE  KEPT  TO  LESS  THAN  APPROX.  1 
PPM  TO  KEEP  TURBINE  DUCKET  EROSION  TO  AN  ACCEPTABLE  LEVEL  FOR 
TURBINE  INLET  TEMPERATURES  OF  ISOOSSUP  OSF  OR  MORE.  DROPPING 

the  turbine  inlet  temperature  below  miossup  o4t  makes  it 

POSSIBLE  TO  OBTAIN  TURBINE  BUCKET  LIVES  OF  AROUNO  3  YR  WITH 
APPROX.  100  «*M  UF  PARTICULATES  IF  A  NUMBER  OF  COMPROMISES  ARE 
MADE  IN  THE  TURBINE  DESIGN.  A  BUILDUP  OF  DEPOSITS  IN  THE 
TURBINE  IS  A  SERIOUS  PROBLEM  IF  SULFATES  OR  CHLORIDES  ARE 
PRESENT  IN  TIC  GAS  SIREAM  ANO  TIC  TURBINE  INLET  TEMPERATURE  IS 
ABOVE  APPROX.  UlOSSuP  OSF  •  AT  THIS  TEMPERATURE  LEVEL.  THESE 
MATERIALS  BECDIC  SOFT  AND  STICKY  AND  FORM  FILMS  ON  THE  BLAOES 
THAT  ACCUMULATE  DEPOSITS  OF  THE  SILICATES  AND  OXIDES  PRESENT  IN 
THE  ASH  UF  A  C UAL -FIRED  COMBUSTOR.  EXTENSIVE  EXPERIENCE  WITH 
MANY  TYPES  OF  CYCLONE  SEPARATORS  SHOWS  THAT  THEY  CAN  BE  USED  TO 
REDUCE  ThE  PARTICULATE  CONTENT  TO  AS  LOW  AS  APPROK.  100  PPM 
UNDER  THE  BEST  CONDITIONS.  GRANULAR  BED  FILTERS  HAVE  YIELDED 
SIMILAR  PERFORMANCE.  ELECTROSTATIC  PR  EC  I P I  TA  TORS  ARE  NOT 
EFFECTIVE  AbUVC  APPROX.  IIIOSSUP  OAF  BECAUSE  THE  OUST  DEPOSITS 
ON  INSULATORS  BECOME  CONDUCTING  ANO  SHORT  OUT  THE  GRIDS.  THE 
ONLY  EFFfcCTItti  WAV  FOUNO  TO  REDUCE  THE  PARTICULATE  CONTENT  OF 
9 LAST  FURNACE  GAS  ANO  GAS  FROM  COAL  GASIFICATION  UNITS  TO  THE 
APPROX.  I  PPM  REQUIRED  FUR  A  M I GH -TEMPERATURE  GAS  TURBINE  IS  TO 
CUUL  THE  GAS  AND  PASS  IT  THROUGH  A  TWO— ST  AGE  WATER  SCRUBBER  OR 
EQUIVALENT  BEFORE  BURNING  IT.  IN  BRIEF.  IT  APPEARS  DOUBTFUL 
THAT  ANY  UF  THE  hot -gas  clean-op  concepts  being  INVESTIGATED 
WILL  YIELD  TIC  LOW  PARTICULATE  CONTENTS  REQUIRED  FOR  THE 
SATISFACTORY.  ECONOMICAL  OPERATION  OF  1500  TO  1600SSUP  OSF 
LCNG -LIVED  GAS  TURBINES. 
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THIS  PAPER  OISCUSSES  THE  CLEAN  AIR  ACT.  THE  CLEAN  WATER  ACT. 

ANO  NOISE  CONTROL  ACT  AS  THEY  AFFECT  STATIONARY  COMBUSTION 
TURBINES.  1NCLU0ING  COMBUSTION  VUR0 INES  UN  COAL-OEKIVEO  LIQUID 
AMI  GASEOUS  FUELS.  IT  ALSO  INCLUDES  A  DISCUSSION  OF  REGULATIONS 
RESULTING  FROM  THESE  ACTS  INSOFAR  AS  THEY  EXISTED  AS  OF  JULY. 
1976.  NEW  REGULA1I0NS  ARE  BEING  AOOED  PERIODICALLY.  THIS 
SITUATION  WILL  CUNTINUE  AND  THEREFORE  REQUIRES  THAT  THE  MOST 
RECENT  REGULATIONS  BE  CONSULTEO  FOR  ANY  GIVEN  CASE. 
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METHOD  AMI  0EV1CE  TO  REPAIR  FAULTS  IN  GAS  TURBINE  BLADES 
PAILLE.  W. A. 
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TO  REPAIR  AMD  PREVENT  DEFECTS  IN  TURBINE  BLAOES  (TITANIUM  ALLOY 
A  CREEP  MOLDING  TECHNIQUE  IS  USED.  IT  IS  A  COMBINATION  OF 
INDIVIDUAL  MOLDING  SYSTEM  AMO  CENTRIFUGAL  FORCE  STRESS.  THE 


BLADES  ANO  RtCcSSES  uf  TUl  individual  holds  are  dynamically 
balanced  on  a  rotor.  for  this  purpose*  the  rotor  is  transferred 
INTO  A  HEATED  CHAMBER  W I TH  A  NEUTRAL  ATMOSPHERE  AND  ROTATED. 
SPEEO •  TEMPERATURE  ANO  LENGTH  OP  TREATMENT  ARE  A  FUNCTION  OF 
It*.  BLADt  MATERIAL.  THE  CONF  I  CURA  T  ION  ANO  THE  DEFECT 
PERCENTAGE. 

DESCRIPTORS  DYNAMIC  LOADS) FA0R I CA T lONiF A ILURES S  OISGAS  TURBINES?  MATER  I AL  S* 

REPAIRS  Ul JRUT  OR  S? TEMPERATURE  DEPENDENCE ? TURtt INE  SLADES:  Ml 
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LOW  NO/ SUB  X/  HE  AV Y  FUEL  COMBUSTOR  CONCEPT  PROGRAM 
FACET.  J.R*  >?  N  I  ED/  4  I  EC  K I  ,  K.W. 

OEPT •  OF  ENEmuY.  WASHINGTON*  D 

PROCEEDINGS  if  THE  US  DEPARTMENT  OP  ENERGY  ENVIRONMENTAL 
CONTROL  SYMPOSIUM*  VOLUME  1.  PLENARY  SESSION  ANO  FOSSIL 

CONF  —7 6 I  109 - <  VOL. I  I 

l 77-196 

OEP*  Nils.  PC  A99/MF  A01* 

ENVIRONMENTAL  CONTROL  SYMPOSIUM 
WASHINGTON.  OC*  USA 
28  NOV  1976 
SEP  1979 

EDO -200202? 025000 

E OB -200202 

DOE/EV - 004  6 (VOL  *  1 > 

THE  OBJECTIVES  OF  THIS  PROGRAM  ARE  TO  GENERATE  ANO  DEMONSTRATE 
THE  TECrWtflLOoV  REUU1RED  TO  DEVELOP  DURABLE  GAS  TURBINE 
CUMOUSTORS  FO*  UTILITY  AN)  INDUSTRIAL  APPLICATIONS*  WHICH  ARE 
CAPABLE  OF  SUSTAINED.  ENVIRONMENTALLY  ACCEPTABLE  OPERATION  WITH 
MINIMALLY  PKuCESSED  PETROLEUM  RESIDUAL  FUELS*  THE  PROGRAM  WILL 
FUCUS  ON  DRV  REDUCTIONS  UF  OXIDES  OF  NITROGEN  (NO/SUB  X/ I  AND 
IMPROVED  COMtUSTUR  DURABILITY  WHILE  USING  MINIMALLY  PROCESSED 
PETROLEUM  RESIDUAL  FUELS#  OTHER  TECHNOLOGY  ADVANCEMENTS  SOUGHT 

include:  fdel  flexibility  for  operation  with  petroleum 
D  IS  T ILL A  I ES .  BLENDS  OF  PETROLEUM  DISTILLATES  AND  RESIDUAL 
FUELS.  ANO  StNFUtLS  (FUEL  OILS  DERIVED  FROM  COAL  OR  SHALE); 
ACCEPTABLE  EXHAUST  EMISSIONS  OF  CARBON  MONOXIDE*  UN8URNE0 
HYDROCARBONS .  SULFUR  OXIDES  ANO  SMOKE  ?  AND  RETROFIT  CAPABILITY 
TO  EXISTING  ENGINES# 

AIR  POLLUTION  LUNTHOL:  02. 03 • 04 .US .06 ? CARBON ? CARBON  MONOXIDE: 

t3;cohbust ion:  ui ; combustors:  t?;corros ion  reposition; design: 
u  7?  GAS  TuRB I  p£  Si HYDROCARBONS:  T4;nITR0GEN  OXIDES:  T2.RES IDUAL 

fuels:  tissmlkes:  to.sulfur  oxides:  ts 


79 JO  1 3624 J 

PLATE  HEAT  EXCHANGERS  IN  ALASKA  SAVE  44  MILLION  PER  YEAR 

CHEM.  PROCESS.  (CHICAGO)*  V.  42*  NO*  4*  P.  32 

APR  1979 

fc 06-200105 

EUB-2001 OS 

I  WENT V— FOUR  bAh*S  OF  1NFLA  TEO-T  YPE  PLATE  HEAT  EXCHANGERS  PLAY  A 
KEY  ROLt  IN  1HE  ENERGY  CONSERVATION  PROGRAM  AT  THE  ELECTRICAL 
GENERATING  FACILITY  IN  T*«  CITY  OF  ANCHORAGE •  ALASKA#  THE 
EXCHANGERS  NEC  OVER  1 3o  MILLION  BTU  OF  HEAT/HR#  FIRST 
SlfeSTANTlAL  savings  IS  PROVIDED  BY  THE  USE  OF  HOT  EXHAUST  GAS* 
IGOGSSUP  U4F  *  FROM  NATURAL  GAS-FIRED  TURBINES  TO  FURNISH  STEAM 
FOR  THE  TURBINES#  THIS  RESULTS  IN  GENERATION  OF  33X  MORE 
ELECTRICITY  WITHOUT  ADDITIONAL  FUEL#  AT  THIS  POINT  THE  SECONO 
ENERGY  CONSERVATION  FACTuR  IN  WHICH  THE  PLATE-TYPE  HEAT 
EXCHANGERS  A USED  DOMES  INTO  PLAY.  WATER  AT  I064SUP  04F  FROM 
T*t  STEAM  TUttllNE  FLUWS  lN  THE  OUTSIDE  OF  THE  PLATE  EXCHANGERS 
AT  A  RATE  OF  23.000  uPM#  THIS  I064SUP  04F  WATER  WARMS  7200  GPM 
OF  MUNICIPAL  WATER  FLOWING  THROUGH  INTERIOR  OF  EXCHANGERS  WHICH 
PREVENTS  FREEZING.  ANCHORAGE  OFFICIALS  ESTIMATE  THAT  ANNUAL 
SAVINGS  COULD  EXCEED  44  MILLION  PER  YEAR  BY  ELIMINATING  THE 
COST  OF  PIPE  THAWING  ANO  FREEZE  PREVENTION*  ALONG  WITH 
DECREASED  WATER  CONSUMPTION* 

ALASKA  SELONUM I  CS:  <J4?UAS  TURBINES:  Ul  SHEAT  RECOVERY  EQUIPMENT: 

T 2*G I ?HEAIlNG? OPERA  1  IONS  02 ? THERMAL  POWER  PLANTS:  T I i WASTE  HEAT? 
WASTE  HEAT  UTILIZATIONS  T4 {WATER 
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SCREENING  EVALUATION  ClF  ELECTRIC  POWER  CYCLES  INTEGRATED  WITH 
COAL  GASIFICATION  PLANTS 
GALLAGHER*  S#P*i  AHNER*  D*  J. 

GENERAL  ELEC  1R  1C  CO**  SCHENECTADY*  NY  (USA) 

60 

OEP*  NT  IS*  PC  AOS/M F  A01* 

SEP  1979 

EDtt-200  (02  iO  10404 
EDB— 2  00  1  02 

STEAM— i)OT  TOMED  VS  NON-STEAM-BOTTOMED  CYCLES 
E I  -AF  —  l  160 

POTENTIALLY  LOWER  COST  ALTERNATIVES  TO  PRESENT  CONCEPTS  FOR 


INTEGRATED  GASIFICATION  COMBINED  CYCLE  POWER  PLANTS  NAVE  BEEN 
INVESTIGATED*  THE  STUDY  MAS  INITIATED  BASED  ON  ESTIMATES  WHICH 
SHOWED  THAT  STEAM-BOTTOM (NG  EQUIPMENT  MOULD  AMOUNT  TO  25  Oft  30* 
OF  THE  TOTAL  CAPITAL  COST  OF  AN  INTEGRATED  GASIFICATION 
COMBINES)  CYCLE  POMEft  PLANT*  THE  CAPITAL  SAVING  OF  REMOVING  TX 
STEAM  SYSTEM  MAS  OBVIOUS.  THE  QUESTION  REMAINED  WHETHER  THE 
EFFICIENCY  OF  A  LOWER  COST  ALTERNATIVE  COULD  BE  HIGH  ENOUGH  TO 
MAKE  THE  SYSIEM  ATTRACTIVE.  CONSEQUENTLY*  A  RELATIVELY  SIMPLE* 
POTENTIALLY  LOW  COST*  NON  STEAM-BOTTOMED  CYCLE  WAS  EVOLVED  AND 
I HE  SYSTEM  THERMAL  EFFICIENCY  CALCULATED*  THERMAL  EFFICIENCIES 
WERE  ALSU  DETERMINED  FOR  SEVERAL  STEAM-BOTTOMED  CYCLES*  THE  NON 

steam-bottomed  cycle  was  found  to  have  a  thermal  efficiency  of 

32X*  HUWEVER*  ATTAINMENT  OF  THIS  PERFORMANCE  LEVEL  OEPENOS  ON 
DEVELOPMENT  UF  HUT  PAR 1 1 CUL ATE  REMOVAL  EQUIPMENT  AND  HIGH 
PERFORMANCE  LEVEL  DEPENDS  UN  DEVELOPMENT  OF  HOT  PAMTICULATE 
REMOVAL  EQUIPMENT  A  NO  HIGH  PERFORMANCE  EXPANDER  TURBINES  BEYOND 
Th£  CURRENT  STATE-OF-THE-ART*  THE  STEAM-60 TTOMCO  CYCLES 
ANALYSED  IN  THE  STuOV  SHOWED  EFFICIENCY  ESTIMATES  BETWEEN  36*0 
AND  *0*3X»  SUBSTANTIALLY  HIGHER  THAN  THE  NON  STEAM-BOTTOMEO 
CASE*  HIOH  PERFORMANCE  FUEL  GAS  EXPANDER  TURBINES  AND  THEIR 
ASSOCIATED  HUT  PARTICULATE  REMOVAL  ANO  HEAT  EXCHANGE  EQUIPMENT 
WERE  FOUND  TO  BE  THE  MOST  DEVELOPMENTAL*  HIGHEST  RISK  ITEMS 
CCNSIOEMED  IN  THE  STUDY*  IT  WAS  ALSO  NOTED  THAT  IF  SUCH 
EuUlPMENT  WAS  OEVELOPEO*  IT  COULD  BE  APPLIED  TO  BOTH 
STEAM-BUTTOMEO  ANO  NON  STEAM-BOTTOMEO  CYCLES*  THE  EFFICIENCY 
FLR  AN  INTEGRATED  GASIFICATION  COMBINED  CYCLE  USING  GAS 
TURBINES  AT  CURRENT  FIR1M*  TEMPERATURES  WAS  ESTIMATED  AT  37.7V* 
PERFORMANCE  AT  THIS  LEVEL  SUGGESTS  THE  POSSIBILITY  THAT 
INTEURATCO  GASIFICATION  COMBINED  CYCLES  USING  CURRENT  GAS 
TlABlNES  MAY  BE  ATTRACT!**:  FOR  NEAR-TERM  APPLICATION* 
DESCRIPTORS  BOTTOMING  CVCLESiCOAL  GASIFICATION;  T  S  COMB  I NEO  -CYCLE  POWER 

plants:  mi  sccmparat  ive  evaluations:  qi ;uesign;economics: 
ENGINEERING; EQUIPMENT SFLOWSHEETSIGAS  TURBINES! HEAT  EXCHANGERS* 
hot  gas  cleanups  steam  turbines; Texaco  gasification  process; 

THERMAL  EFF IC1 ENCY i  IOPPI NG  CYCLESSWATER  REQUIREMENTS 
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79R0I362I9 

ADVANCED  COAL-FUELEO  CUM BUST OR /HE AT  EXCHANGER  TECHNOLOGY  STUDY* 
FINAL  REPORT*  MARCH  1977  —JUNE  1970 

ROCKWELL  INTERNATIONAL  CORP*  •  CANOGA  PARK*  CA  (USA).  ROCKETDYNE 
D IV  • 

410 

OEP*  NT  IS •  PC  AI6/MF  AO I • 

CONTRACT  EF-77-C-01  -*612 
1970 

EDB-200I0I S  200 104 
EDB-200IO1 
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THE  OESIGN  UF  GOAL— F l RED  COMBUST UR /HE AT  EXCHANGERS  SUITABLE  FOR 
INPUT 1NG  THE  HEAT  TU  BASE-LOADED*  CLOSED-CYCLE*  GAS  TURBINE* 

350  MWE*  CENTRAL  STATION  POWER  GENERATION  SYSTEMS  IS  DISCUSSED* 
A  WIDE  VARIETY  OF  CCGT  CYCLES  ARE  EVALUATED  TO  ESTABLISH  THE 
PERFORMANCE  REQUIREMENTS  FOR  THE  COMBUSTOR/HEAT  EXCHANGER*  THE 
CYCLES  FINALLY  SELECTED  FOR  COMBUSTOR /HEAT  EXCHANGER  DESIGN 
OPERATE  AT  1550  F.  1750  F.  AND  2250  F  MAXIMUM  WORK iNG-FLUlD 
TEMPERATURES*  EACH  SELECTED  CYCLE  IS  BOTTOMED  WITH  A 
RANK INE /STEAM  CYCLE  OPERATING  AT  2400  PSl/1050  F/IOSO  F.  THE 
COAL  INPUTS  VO  STATIONS  INCORPORATING  THE  SELECTED  CYCLES  ARE 
ESTIMATED  TO  RANGE  FROM  62  TO  00*  OF  THE  REQUIRED  INPUT  TO  A 
24Q0-PSI/I000  F/IOOO  F  CONVENTIONAL  STEAM  STATION*  AT  THE  1550 
F  MAXIMUM  WOfKING-FLUlO  TEMPERATURE*  TWO  COMBUSTOR /HE AT 
EXCHANGER  PRELIMINARY  DESIGNS  ARE  CREATED*  ONE  UTILIZING  THE 
PUL VERi ZED-COAL-FIR ED*  ORY -BOTTOM  FURNACE  FIRING  CONCEPT  ANO 
IH:  OTHER  UTILIZING  V  HE  A T MO SPHER 1C -PRESSURE •  FLU 10 1 ZED  BED 
WITH  LIMtSTCJIC  ADDITION  FIRING  CONCEPT*  AT  THE  1750  F  MAXIMUM 
WORKING-FLUID  TEMPERATURE*  THE  COMBUSTOR/HEAT  EXCHANGER 
PRELIMINARY  DESIGN  IS  BASED  ON  A  SERIES  ARRANGEMENT  OF  HIGH— 

ANO  LOW -TEMPERATURE  FLUIDIZED  BEDS*  AT  2250  F  MAXIMUM 
WORKING-FLUID  TEMPERATURE*  THE  CUMbUSTOR/MEAT  EXCHANGER 
PRELIMINARY  DESIGN  IS  BASED  ON  THE  SLAGGING  CYCLONE  COMBUSTOR 
CONCEPT*  HEAT  EXCHANGER  SURFACE  EXPOSED  TO  WORK ING-FLU ID 
TEMPERATURES  ABOVE  1550  F  IN  THE  LAST  TWO  OE SIGNS  IS 
CONSTRUCTED  OF  SILICON  CARBIDE*  THE  KEY  TECHNICAL  FEATURES  OF 
THE  FOUR  PRELIMINARY  DESIGNS  ARC  IDENTIFIED  AND  ANALYZEO* 
RESEARCH  AND  DEVELOPMENT  PROGRAMS  TO  AO VANCE  THE  TECHNOLOGY  OF 
THESE  DESIGNS  TO  A  STATE  OF  REA01NESS  FOR  COMMERCIAL 
APPLICATION  AM E  OUTLINED*  AND  R  ANO  O  COST  ESTIMATES  ARE 
PRESENTED*  TtC  COST  OF  ELECTRICITY  PROOUCEO  IN  700  MWe  STATIONS 
INCORPORATING  THE  STUOIED  CCGT  CYCLES  ANO  COMBUSTOR/HEAT 
EXCHANGERS  IS  ESTIMATED  ANO  COMPARED  WITH  THE  COST  OF 
ELECTRICITY  IN  CONVENTIONAL  STEAM  STATIONS* 

AIR  POLLUTION  CONTROLSCOALS  T5; COMBINED-CYCLE  POWER  PLANTS:  Til 
COMBUSTORS:  T4 SCONM INUTI ON SCGRROS 10NX  0*Q2tC0STI  0I*Q2*Q3*0S 
DESIGN:  U2 *03*041 ELECTRIC  POWER SFLU ID  I ZED -BCD  COMBUSTION:  OSS 
FLU ID ft ZED- BED  COMBUSTORS:  T2  *0 1 »D ; GAS  TURBINE  POWER  PLANTS SGAS 

turbines; graphs;  dshcat  exchangers:  T3*qi*o;high  temperature; 

NUMERICAL  OATAS  U SP ERFQR NANCES  02 *Q3*Q4*D;POWER  GENERATION; 

research  pro-ams  stables:  os  very  high  temperature 
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ABSTRACT  DATA  ACCUMULATED  IN  lh£  LAST  SIX  MONTHS  CONTINUES  TO  SHOW  THAT 

TWO  MAIEKLALS*  ALUMINUM  SILICATE  I  AS)  AND  MAGNES1 UM-ALUM 1 NUM 
SILICATE  ( M A  SI  *  HAVE  THE  POTENTIAL  OF  ACHIEVING  THE  PROGRAM 
OBJECTIVE  OF  A  BIO  LIFE  UF  10,000  H  AT  800SSUP  0*C .  TO  DATE. 
NONE  OF  THE  UUilCEN  AS  (J)  SIX  MAS  CORES  THAT  HAVE  BEEN  ENGINE 
TESTED  SHOW  ANY  SERIOUS  SIGNS  OF  CHEMICAL  ATTACK  DAMAGE.  ONE 
fHl CK— WALL  AS  CORE  HAS  ACCUMULATED  10  .000  H  AND  ANOTHER  HAS 
OVER  9S00  H  0=  ENolNE  TEST.  A  THlN-WALL  AS  CORE  HAS  OVER  8000  H 
AND  A  MAS  CORE  HAS  GVt«  BOGO  H  OF  TEST  AT  bOOSSUP  OSC.  MORE 
EMPHASIS  HAS  BEEN  PLACED  ON  I  000* SUP  0»C  TESTS.  AND  FIVE  AS  AND 
Qt*.  MAS  CORE  ARE  NOW  UN  TEST  AT  THIS  TEMPERATURE.  A  THICK -WALL 
AS  CORE  HAS  M)  W  ACCUMULATED  OVER  ©000  H  AT  lOOO&SUP  OSC.  OTHER 
NEW  MATERIALS  ARE  NOW  UNDERGOING  LABORATORY  AND  ENGINE 
SCREENING  TESTS  FUR  CHEMICAL  ATTACK  RESISTANCE  AND  ELEVATED 
TEMPERATURE  CAPABILITY. 

oe SCRIPT  CHS  aluminium  s t li  cates : automobiles:  ti  ;ceramics;gas  turbines: 
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ABSTRACT  Ttfc  BRIEF  OESCRIPIIUN  OF  THE  PROGRAM  PRESENTEO  INDICATES  THE 

FOCUS  OF  THE  ACTIVITY.  Tt*  PROGRAM  STRUCTURE.  AND  SOME  OF  THE 
CURRENT  PROJECTS.  ACCOMPLISHMENT  OF  THE  PRUGRAM  WILL  BE  OONE 
PRIMARILY  THROUGH  GOVERNMENT  CONTRACTS  WITH  INDUSTRY.  THE 
OVERALL  STRUCTURE  OF  THE  PROGRAM  IS  SHOWN.  THE  PRIMARY 
INTERESTS  OF  TtC  PROGRAM  IN  THt  CERAMIC  MATERIAL  AND  COMPONENT 
AREAS  ARE  ALbO  LISTED.  A  VERY  BROAD  OVERVIEW  OF  THE  CERAMIC 
MATERIALS  PRUGRAM  COVERS!  (II  MATERIALS  CHARACTERIZATION;  (21 
IMPROVED  MATERIALS  DEVELOPMENT «  ANO  (31  COMPONENT  DEVELOPMENT. 
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SOX  It^HOVkMtNT  (OVER  J97o)  IN  PuBERTMAlN  lHEMMAL  EFFICIENCY 
AND  FUEL  ECONOMY;  C  *  I  EN  TEN  PRODUCTION  ENGINEERING  DEVELOPMENT 

in  ivbj;  (3)  coMPtmivE  reliadIcIty  ano  life;  <ai  acceptable 
OKI VEAU ILI TV ;  4b»  MEET  UK  tXCECD  FtOfcRAL  EMISSIONS  STANDARDS, 
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OPTIMIZATION  CRITERION  BEING  THE  CHOICE  OF  THE  TE S  PROVIDING  A 
MINIMUM  DF  TOTAL  ENERGY  COSTS  OVER  THE  SYSTEM  LIFETIME*  IT  IS 
FOUND  THAT  T  HE  OPTIMAL  THERMAL/ELCCTH ICAL  LOAD  SPLIT  FOR  EACH 
SUPPLY  DPI  ION  OCCURS  AT  APPROXIMATELY  BOS  OF  THE  BASE'S  TOTAL 
ENERGY  DEMANDS  SUPPLIED  THERMALLY*  WITHIN  THE  LIMITS  OF  THE 
UNIT -COST  ASSUMPTIONS  MADE  AM)  FOR  THE  RANGE  OF  CASES  STUDIED* 
IT  IS  FOUND  THAT  THE  PRE  SENT  — WOR f H  TOTAL  COST  OF  THE  OPTIMIZED 
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THE  FOLLOW-ON  PROGRAM  CONCENTRATES  CONTINUING  ACTIVITY  IN  1*0 
MAJOR  TECHNOLOGY  TASKS  OP  THE  ClMRENl  CFCC  PROGRAM*  HOI  GAS 
CLEANUP  AND  GAS  TURBINE  LIFE*  *1TH  SUPPORT  ING  EFFORT  IN  SEVERAL 
OTHErc  ARtAS*  the  PRIME  TtWUST  OF  THE  FOLLOV-ON  PROGRAM  IS  IN 
GAS  TURBINE  TECHNOLOGY  AND  MOT  GAS  CLEANUP*  WORK  TO  DATE  HAS 
lOENTIFIr.D  ThC  NEEDS  TO  PROTECT  THE  GAS  TURBINE  FROM  CORROSION 
CAUSED  bY  SUBSTANTIAL  AMOUNTS  OF  ALKALI  IN  THE  SUOMICRON 
A  LRU  SUL  AND  VAPOR  PHASE  AND  TO  PROTECT  THE  TURBINE  FROM  EROSION 
CAUSED  BY  MULT IM ICR UN -SIZE 0  PARI  1 CUL AT LS*  V£  BELIEVE  THAT  A 

sllution  to  the  currosion  protection  Challenge  can  more 

COD-1DENTLY  AND  GUlCKLY  BE  FOUND  BY  EXTENDING  TURBINE  MATERIALS 
•DRK  IN  DIRTY  LlUUlO  FUELS  TO  1ML  PFB  ENVIRONMENTAL  LEVELS* 
PARTICULATE  REMOVAL  FOR  EROS1UN  PROTECTION  HAS  AS  ITS  OBJECTIVE 
A  BETTER  UUAN1 IF ICATIUN  OF  T Eft.  EROSION  TOLERANCE  LEVEL  COUPLED 

with  work  to  improve  the  performance  of  Inertial  separators* 

INCLUjInl  ELLC TRUST  AT  1C  AUGMENTATION*  IN  THE  LtSS-lHAN-lS 
SMUtM-PAHT  1CLE— SUE  REG  1  UN •  INTERACTION  BETWEEN  THE  ONGOING 
TECHNOLOGY  AM)  TEST  PROGRAMS  AT  THE  COAL  UTILIZATION  RESEARCH 
LAbOPA t ON Y  WILL  BE  BY  THE  DESCRIBED  TESTS  TO  BE  PERFORMED* 
ADDITIONALLY.  USE  WILL  bE  MADE  OF  iHt  RESULTS  OF  THE  F1RESI0E 
11  CORROSION  PROGRAM  RESULTS  FROM  THE  PLANNED  lOOQ-MOUR  TEST  AT 
THE  EXXON  MINI -PLANT  PFb •  THE  FOLLOW —ON  EFFORT.  THEN.  IS  KEYED 
10  THE  RESULTS  OF  ThESE  PFB  TESTS  AND  CONCLUSIONS  REACHED  FROM 
IN-OEP  T  n  PARALLEL  LABORATORY  INVESTIGATIONS  AND  ANALYSIS* 

ALKALI  McTAL  COMPOUNDS:  T3 JCOMb INED-C YCLE  POwtN  PLANTS:  T|; 
cimmjs ion ; corrosion  protection:  ozscorrosive  effects:  03i 
design:  wi iehosion; fluid IZED-DED  combustors; gas  turbines:  tz; 

HUT  GAS  CLEANUP; MANAGEMENT ; PART  1 CLESS  PLANN IN GS REMOVAL 
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REPORT  NO  FE — 2J67-24 

ABSTRACT  OlMINv,  THE  FIRST  YEAR  OF  THE  CFCC  DEVELOPMENT  PROGRAM 

SUBSTANTIAL  PROGRESS  WAS  MADE  IN  ESTABLISHING  A  COMMERCIAL 

PLANT  CONCEPT.  1  HE  OVERALL  APPROACH  TU  iHt  COMMERCIAL  PLANT 
DESIGN  EVALUATION  WITH  Sl#>  PORT  ING  TECHNOLOGY  TASKS  HAS  BEEN 
DEFINED*  RELIABILITY  STUDItS  AND  EVALUATION  OF  ALTERNATE  PLANT 
DESIGNS  WERE  CONDUCTED  IN  PARALLEL  WITH  THE  OESlGN  ACTIVITY.  AN 
ENV1RUNMENTAL  ASSESSMENT  WAS  ALSO  CONDUCTED  IN  PARALLEL  WITH 
Tr*.  OESlGN  ACTIVITY*  THE  TEST  RESULTS  HAVE  CONFIRMED  THE  BASIC 
ASSUMPTIONS  CM  HEAT  TRANSFbR  ANU  SEVERAL  CONFIGURATIONS  USING 
TtC  SAME  BASIC  TUBE  BUNDLE  THAT  HAVE  BEEN  EVALUATED*  THE  HUT 
GASES  GENERATED  IN  THE  CUMBUSTOR  STEAM  GENERATOR  MUST  BE 
SUBSEQUENTLY  CLEANED  UP*  I  *E  •  •  A  HIGH  PERCENTAGE  OF  PARTICULATE 
MATTER  REMOVED  IN  THE  HOT  GAS  CLEAN-UP  SYSTEM.  BEFORE  THEY  ARE 

Expanded  in  the  gas  turbine*  the  initial  emphasis  in  the  hut 

GAS  CLEAN-UP  EFFORT  WAS  10  COMPILE  EXISTING  EFFLUX  DATA  AND 
ANALYZE  IT  ID  DEVELOP  AN  EFFLUX  CHARACTERIZATION.  A  SECOND  STEP 

is  then  to  determine  the  pariiculate  removal  capabilities  of 

EXISTING  CLEAN-UP  DEVICES  AS  A  FUNCTION  OF  PARTICLE  SUE 
DISTRIBUTION.  THE  BASIC  COKRUS1QN  PRubLEM  IN  THE  GAS  Tu*blNE 
AND  IN  THE  CCMBUSTOR  STEAM  GENERATOR  ARISES  FROM  THE  CHEMICAL 
SFtCILS  IN  TtE  GAS  STREAM  FROM  A  FLUID  6ED  COMBUSTOR.  AN 
ANALYTICAL  EFFORT  IS  IN  PROGRESS  TO  BETTER  DEFINE  THESE  VARIOUS 
SPECIES*  THE  PMAMETERS  WHICH  EFFECT  1  Mfc  I R  GENERATION  AND 
DEPOSIT  IClN*  AND  AN  ASSESSMENT  OF  THEIR  UUANT1TIES  AND  STATES  AT 

the  time  Thai  they  reach  the  first  si  age  of  the  gas  turbine* 

COMBINED-CYCLE  POWER  PLANTS:  T 1 tCORRUS ION J CYCLONE  SEPARATORS; 
DESIGN;  Ul s ENVIRONMENTAL  E FFECTS ; EROS  1 ON;F IL TERS SFLU I D1 ZED-BED 

combustors; gas  turbines:  tz;  granular  bed  filters;hot  gas 
cleanup ;material&:  qz;particles;removal;stean  turbines 


descriptor 


G-99 


«ca»iM  NO. 

1I1UINM) 


ED  I  TON  a 
CORPORATE  RUTH 


PAGE  NO 
AVA1LAB1 Ll TT 
CON1HAC1  NO 
DATE 

CATEGORIES 
PHIHART  CAT 
REPORT  NO 
ABSTRACT 


DESCRIPTORS 


T9R0I  IbYoB 

ADVANCED  COAL  POELED  COMHUSTQR  /HEAT  E  (CHANCER  TECHNOLOGY  STUDY. 
OUARTERLY  TEOTNICAL  PROGRESS  REPORT  NO.  S.  OCTObER-OECENSER 
me 

CAMPBELL .  J.  JR. 

ROCANELL  INTMMATIONAL  CQRP..  CANOGA  PARK.  CA  (USA).  ROCKETDYNE 
DIV. 

TV 

OCR.  Nils.  PC  AOS/NE  ADI. 

CUNT  RA  C  1  CF-77-C-OI-2612 
I  GTS 

E  OS  -EOOI  vi  ii  VO  NOG 

EUB-20UI62 

PE--JEI2-2S 

THIS  EFFuKl  CONSTITUTES  THE  MUST  PHASE  OP  H HA T  IS  EAPEC1EU  10 

nc  a  three  “Phase  program  to  advance  coal  pul  leu  copuostor/heat 

EACHANGtx  TECHNOLOGY.  TML  TECHNOLOGY  MOULD  IIL  UTILIZED  IN 
CCPiJONCTION  VI  TH  HIGH  TEMPER  AT  UNL  CLOSED  CYCLE  GAS  TURBINE. 
ICCGTI.  PUMEn  CONVERSION  SYSTEMS.  TML  PRESENT  tPFOHT  CONSISTS 
ENIIRELY  UP  STUDIES.  ANALYSIS.  DESIGN,  AND  REPORT  INu.  NO 
FABRICATION  IX  ItSI  EFFORT  IS  INVOLVED.  IMls  IGT7— l*TS  EFFORT 
■AS  CONCERNED  VITH  CCGT  CYCLES  ANU  HEAT  EXCHANGERS  APPROPRIATE 
FUR  A  jH  Mae  UNIT  SWE  CENTRAL  STATION  APPLICATION.  A  CONTRACT 
EXTENSION  NAS  GRANTED  TO  RUCnaELL  INTERNATIONAL  TU  PROVIDL 
AUilTIONAL  EFFORT  TO  ESTXOLlSH  RELEVANT  CCGT  SYSTEM  DESIGNS. 

PAR  I  ICULARLY  PRIMARY  HEATER  DESIGNS.  SOI  f  AbLL  FOR  SMALLER 
GENERATING  SYSTEMS  PROVIDING  BOIh  ELIC1HIC  ROVER  IN  THE  2S  TO 
SO  Mat  MANCE  ANO  USEFUL  TAaUCESS  MEAT.  SUCM  SYSTEMS  »UUCU  Lt 
ElVECTEu  TO  FINU  APPLICATION  IN  COCENLhAT  ION  SERVICE  IN  LARGE 
INDUS1RIAL  PLANTS.  UR  IN  DISTRICT  HEaIIng  APPLICATIONS.  ETC.. 
■HERE  1  ME  SIMULTANEOUS  DEMAND  FOR  BOTH  PROCESS  MEAT  AND 
ELECTRICAL  PCM  Em  PERMITS  ADDED  ECONOMIES  IN  FUEL  UTILIZATION. 
BGTTuMINm  CYCLES  iCLUStU— CYCLE  SYSTEMS  ; CO-GENERA T  ION :  T2S 
CCMIiUSTUMS  .CUMPARAT  I VE  6  VALUAT  IONS  ICA.S  IGN  S  OISTR  ICT  HEATING; 
Emtlhimental  oata:  oiFeasibili  ty  studies:  di.de.  d;gas  Turpins 
povlr  plants:  ti.oigas  t un b i nls.gr amis:  o:hcat  exchangers: 
PROCESS  HEAT  iRESEARLM  PR  OGHAMS  ;  ST  LAM ,  s  T  E  AM  lORblNES:  T  ABLE  S  :  D: 

tfcrmal  efficiency:  ui .o ;thErnddvnami c  cvclls;vater 
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gas-tumbine-typc  combustors:  EFFECT  OF  COMBUSTOR  design  and 
operating  cofo  it  ions 
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TIC  INFLUENCE  OF  FUEL  COMPOSITION  ON  SMOKE  EMISSION/COMBt  STOP 
•ALL  IEMPERATURES  BAS  STUDIED  IN  A  LABORATORY-SCALE 
GAS -TOR  BINE -TYPE  COMBUSTOR  OVER  THE  RANGE  OF  OPERATING 
CONOI 1  IONS  OF  MODERN  TURBINE  COMbUSIUkS  ANU  AS  A  FUNCTION  CF 
CONBUSTOR  DESIGN.  FUEL  HYDROGEN  CONTENT  IS  SHOVN  TO  GIVE  THE 
BEST  PREDICTION  OF  SMOKE  EMISSION  AND  OF  VARIATIONS  IN  FLARE 
TUBE'  VALE  TLW>ENATORE  CAUSED  BY  CHANCES  IN  FLAME  RADIATION.  THE 
MAJUR  FINDING  IS  1HAI  THE  INFLUENCE  OF  FUEL  COMPUSI1ION  UN 
SMOKE  E  MISS  I UN/F  lame  RADIATION  FALLS  VIRTUALLY  TO  ZERO  AT 
CCMbUSTUR  PRESSURES  ABOVE  ABOUT  10  BAR.  «  REFS. 

Cfcmical  composition:  combustors:  t  ■  ;design;emissicm;exmaust 
gases:  UI.GZirUECSIGAS  TURBINES!  T 2 .HYDROGEN  .OPEN AT  ION. SMOKES! 
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THIS  RtPUHl  MAS  PREPAREO  AT  1HE  REDDEST  OF  THE  TENNESSEE  TALLEY 
author  nr  <  t  ya  )  io  clarify  t*«  development  status  uf  the 

PRESSUhI^ED  FLUIDIZED  btU  COMtoUSlON  < PFbC  I  AND  TU  PLACE  IN 
PERSPECTIVE  TH t  PROBLEMS  WHICH  ARE  YET  Tu  bL  SULVEU  BEFORE 
CCMMERC1ALUAT  ION  OF  THE  CONCEPT  IS  PRACTICAL*  THE  REPORT  IS 
VIEWED  AS  PRLLlMlNANV  TU  A  MURE  COMPLETE  ANU  CUMPHEHENS I VE  WORK 
TO  bE  CARRIED  OUT  OUR  INC  FT  IV7V.  AN  EVALUATION  OF  THE  PFbC 
CUNCEPT  CITES  POTENTIAL  ADVANTAGES  OVER  AT  *4J  SPHERIC  PRESSURE 
FLUIDIZED  bED  COMBUSTORS  lAFbLt  IN  THE  Ant  AS  OF  COMBUSTION 
EFFICIENCY*  SULFUR  RETENTION*  FURNACE  DESIGN*  POWL«  PLANT 
EfYICUNCV*  ANO  OTHERS*  THE  KEY  DISADVANTAGE  Of  UNPROVEN  HOT 
GAS  CLEANUP  SHU  ASSOCIATED  GAS  TURBINE  TECtMOLUGV  IS  DISCUSSED 
IN  CONSIOEHAHLE  DETAIL*  A  SURVEY  OF  E A  1ST  ING  ANU  DEVELOPING 
PFbC  EXPERIMENTAL  FACILITIES  IS  PRESENTED  PLUS  SOME  RESULTS 
FROM  The  EXPERIMENTAL  PROGRAMS*  RECENT  DESIGN  SlUDlES  FOR 
FULL  -b  I Z  lD  PFbC  power  plants  are  reviewed  with  emphasis  on  key 
DESIGN  PARAMETERS*  RESULTS  FOR  SIMILAR  AFBC  DESIGN  STUDIES  ARE 
PNESfcNTEO  |N  CONTRAST*  ItC  GENERAL  CONCLUSION  DRAWN  FROM  THIS 
PRELIMINARY  SURVEY  IS  THAT  THE  POTENTIAL  ADVANTAGES  OF'  THE  PRBC 
USED  IN  CONJUNCT  ION  WITH  A  HlGH-TEMPERATuRE  IlSOtSUP  0»C 
IISbOASUP  OAF)  •  GAS  TIMINE  WILL  BE  DIFFICULT  TO  REALIZE  DUE 
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PRIMARILY  TO  THE  FOKMIOABLt  T ASA  OF  DEVELOPING  ADEQUATE  HOI  GAS 
CLEANUP  AND  SJRBINE  SYSTEMS*  AND  DUE  TU  THE  ANTICIPATED  HIGH 
COST  UP  I  HE  St  SYSTEMS* 

COAL  (CuMmJSI  IONS  COMPARATIVE  EVALUATIONS:  O 1  SCO ST  5 CYCLONE 
SLPARATukSSDLPDSI  TSSDES1  CAi  :  01  SEFF  ICICNCV:  02(tR0S10N( 

FLU1DI  4.LD-t>£D  CUMGOS1  ion:  T  2  (FLUID  UEU-fctO  COMUUSfORS:  TITFuEL 
feeding  systems:  uisoas  turbines:  tshut  gas  cleanup:  tsmedium 
PRESSURE (PARTICLES IRE VIE VS:  G1 (TEMPERATURE  DEPENDENCE 
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7VX0ICSS3S 

BASELINE  GAS  TURBINE  DEVELOPMENT  PROGRAM* 

COMBINED  GUAKTERLY  PROGRESS  REPOhT*  MAY  I* 

197  V 

PAMPREfcN.  R.C.  (  VAGNER*  C*E* 

COMPS. 

CMRVSLER  LORP**  DETROIT*  Ml  IUSAI 
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P  04/MF  AOI * 

CONTRACT  EY-TB-C-92-2749 

31  DEC  IV76 

EUI-3J01G3 

EOO-J3ulu3 

CUD - 27*9-39 

PROGRESS  IS  REPORTED  FOR  A  PROGRAM  WHOSE  GOALS  ARE  TO 
DEMONSTRATE  AN  EXPERIMENTAL  UPGRADED  GAS  TURBINE -POME RED 
AUTOMOBILE  VHICH  MEETS  T HE  IV7B  FEDERAL  EMISSIONS  STANDARDS* 

HAS  SIGNIFICANTLY  IMPROVED  FoEL  ECONOMY*  AND  IS  COMPETITIVE  IN 
PERFORMANCE*  RELIABILITY*  AND  POTENTIAL  MANUF ACTURI NG  COST  WITH 
CONVENT lUNAL  PISTON  ENGINE -PD WtkcD.  COMPACT-SIZE  AMERICAN 
AUTUMublLt*  THIS  IS  The  concluding  progress  report  fdr  this 
PROGRAM (  IT  COVERS  THE  PLR10D  FROM  MAY  1*  197b  TU  JANUARY  31* 
IV7V.  1  Hi  NEXT  FORMAL  REPORT  MILL  BE  THE  FINAL  REPURT*  WHICH  IS 
CURRENTLY  IN  PROCESS*  ACTIVITY  DURING  fH|S  REPORTING  PERIOD  HAS 
CONTINUED  ID  EMPHASIZE  DEVELOPMENT  TUMARDS  CORRECTING  A  POWER 
DEFICIENCY  IN  THE  UPGRADED  ENGINE*  EFFURTS  ARE  ALSO  BEING 
D1RECIED  TOWARDS  REDUCING  FULL  USAGE  THROUGH  IMPROVED  HEAT 
RECOVERY  4* NO  TOWARDS  IMPMJVING  1h£  MECHANICAL  RELIABILITY  AND 
COHWUL  lif  THE  ENGINE* 

AUTDMUblLtS:  Tl  (DESIGN (GAS  TtXiBlHES:  T2 •  0 1  (RESEAR CH  PROGRAMS S  02 
7VC0lG*21* 

ELEC  IN  1C  UTILITY  FOSSIL  FUELS  B£YOM>  I9BS 
HULK.,  R  *H*  (  VE  JT  ASA  *  S*A* 

ELECTRIC  POWER  RESEARCH  INST**  PALO  ALTO*  CA 
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AMERICAN  CHEMICAL  SOCIETY  MEETING 
MIAMI.  FL .  USA 
10  SEP  I97B 
SEP  IV>o 
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THE  UTILITY  INDUSTRY  MUSI  ANTICIPATE  THE  DAY  WHEN  THEY  MILL 
HAVE  EXTREMELY  LIMITED  ACCESS  TO  NATURAL  GAS  AND  PETROLEUM  FOR 
POWER  GENERATING  PURPOSES*  THEY  ARE  SPONSORING  RESEARCH  AND 
DEVELOPMENT  CM  A  WIDE  VARIETY  OF  PROCESSES  THAT  MILL  PROVIDE 

environmentally  acceptable  coal-oerived  fuels,  potential 

MARK.CTS  HAVE  BEEN  IDENTIFIED  FOR  LlUUlO  BOILER*  TURBINE*  AND 
COMBINED  CYCLE  FUELS*  SOLID  FUEL  4  SRC) •  METHANOL*  AND 
INTERMEDIATE  BTU  GA&*  THE  PENETRATION  OF  THESE  FUELS  INTO  THE 
MARKET  WILL  LfcPtND  STRONGLY  UN  THEIR  RELATIVE  PRICE  A NO  THE 
ENVIRONMENTAL  CONSTRAINTS  THAT  A  GIVEN  UTILITY  MUST  DEAL  WITH* 
boiler  fuel:  o IICOALSCOAL  liquids:  T3SC0MBINLD-CVCLE  power 
plants:  T2SCCMPAHAT I VE  E VALUAT IONS (COST:  U*(FOSSI L-FUEL  POWER 

plants:  tisfuel  substitution:  oi*o2sfuels:  02*gas  turbines: 

INTERMEDIATE  BTU  GASILIOUID  FUELS:  TV (LOW  BTU  GAS (METHANOL  5 

pvrolysiscrefining:  q3:solvent-mefineo  coal 

79J0I04209 

PRELIMINARY  DESIGN  ANALYSIS  OP  A  CATALYTIC  CERAMIC  STRUCTURE  IN 
A  TURBINE  COM4  US  TOR 

HUNG*  W«  S* V • |  DICKSON*  V  #H *  1  DECORSO*  S*M* 
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ANALYSIS  AND  DESIGN  OF  A  CATALYTIC  CERAMIC  ELEMENT  ANO  ITS 
SUPPORT  STRUCT  UR t  IN  A  TURBINE  COMBUSTOR  FUR  LOW  EMISSION 
APPLICATION  HAVE  BEEN  REFORMED*  PRELIMINARY  ANALYSIS  INCLUDING 
A  SURVEY  OF  LITERATURE  HAS  HELPED  IDENTIFY  CtklAlN  DESIGN 

CiMSIDEKAl iom>  and  conceptual  DESIGNS  OF  The  catalytic  ceramic 

ELEMENT.  A  TH-RMD-MfcCMANlCAL  ANALYSIS  ClF  THE  MAJOR  COMPONENTS 
IN  THESE  CONCEPTUAL  DESIGNS  HAS  BEEN  PERFORMED  FOR  OUln 
&1CADY-1TATE  AM)  TRANSIENT  CSMoT-OOVN)  SITUATIONS. 

CONSEQUENTLY •  AN  ARRANGEMENT  TO  BUILD  A  VlAoLE  CATALYTIC 
CERAMIC  COMBUSTOR  ELEMENT  HAS  BEEN  IDENTIFIED  WHICH  Is  EXPECTED 
10  PERFORM  ITS  MECHANICAL  FUNCTIONS.  24  REFS* 

CATALYTIC  COMBOS  TUN  SI  Q l *T 2 t CERAMICS:  TSlDESIGNt  u2(GAS 
TLNblNCS:  T  I  |M  AT  ER  l  ALS1  POLLUTION  CUNTR0L1  USES:  03 
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TECHNIGOES  AM)  SOLUTIONS  ASSOCIATED  WITH  MAINTENANCE  AMO  REPAIR 
OF  BUCKETS*  VANES  AND  CO  Mi  US  I OR  PARTS  FOR  GAS  TURBINES.  THIS 
PARTICULAR  FEATURE  FOCUSES  ON  ONE  ASPECT  IN  ThC  REPAIR  OF 
DAMAGED  GAS  TURBINE  PARTS  AND  THE  CUMPLEXITIES  REPAIR  SHOPS  ARE 
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CCHROSI on • gas  turbines:  Tl {MAINTENANCE {REPAIR:  qisrotors: 
TkXBlNE  BLADES 


ACCESSION  NO* 
TITLfcCMONO) 


EDITOR  OR  COMP 
CORPORATE  AUTH 
SEC  RCPT  NO 
PAGE  NO 
AVAILABILI  TV 
contract  NO 
DATE 

CATEGORIES 
PRIMARY  CAT 
REPORT  NO 
ABSTRACT 


DESCRIPTORS 


7VX009W3B1 

INVEST  IGA?  ION  OF  THE  VIABILITY  AND  COST  EFFECT  I VE  NESS  OF  SOLIO 
FUEL  GASIFIERS  CLOSE  COUPLED  TO  INTERNAL  COMBUSTION  ENGINES  FOR 
2G0  AWE  POWER  GENERATION.  TECHNICAL  PROGRESS  REPORT  NO.  9 
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THE  VIABILITY  AND  COST  EFFECT  I VENESS  OF  A  200  KWE  ENGINE 
GENERATOR  UNIT  FUELED  BY  A  DIRECT  COUPLED*  SOLID  FUEL  GASIFIER 
WERE  STUDIED*  RECENT  LITERATURE  DESCRIBING  GASIFIER  TECHNOLOGY 
WAS  OBTAINED  AM)  PERSONAL  VISITS  WERl  MADE  TO  TESI  FACILITY 
SITES  AND  ENGINE  MANUFACTURING  PLANTS  TO  DISCUSS  THE  SUBJECT 
WITH  AEScARCtCRS  AND  ENGINEERS*  TWO  PROTOTYPE  UNITS  WERE 
INSPECTED*  ONE  OF  WHICH  WAS  IN  PARTIAL  OPERATION*  THIS  REPORT 
PRESENTS  A  BRIEF  DISCUSSION  UF  FuEL  AND  GASIFIER  TECHNOLOGY* 

GAS  TREATMENT  (CLEAN  UP)  FUR  ENGINE  USE*  ENGINE  USE  TECHNOLOGY. 
OTHER  USES  FIP  GASIFIERS*  THE  VIABILITY  OF  CLOSE  COUPLED  UNITS* 
AND  AN  ESTIMATE  OF  COST  EFFECT  1 VENESS*  PRESENT  SMALL 
EXPERIMENTAL  GASIFIER  SYSTEMS  PERFORM  AS  EXPECTED  AND  HAVE 
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OF  A  PROCESSING  PLANT*  CERTAIN  NEEDED  DEVELOPMENT  EFFORTS  ARE 
DISCUSSED.  ALSO*  FUEL  MUST  BE  AVAILABLE  AT  LOW  COST  AND  EVEN 
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USING  FIVE  STAGES  OF  COMPRESSION  ANO  EXPANSION*  A  SOX  THERMAL 
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irt  Thermal  efficiency  reaches  sox*  this  performance  is 
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THE  UbjEClIVt  OF  IME  CONNING  PROGRAM  IS  TO  DEVELOP  A  ROTARY 
CERAMIC  REGENERATOR  CONE  WHICH  WILL  MAXIMIZE  IIS  P01ENTIAC  FUNS 
HIGH  TLMPLRA1URE  OPERA?  llBVi  HIGH  OuRAbIClIY*  HIGH  THERMAL 
EFFICIENCY l  LOW  COS  I  S  A HU  LU*  PNESSUNE  ON OP*  iHt  SCOPE  OF  THE 
PKOGN**  COVENS  MATERIALS  OEVLLOPMLN1*  FABRICATION  TECHNOLOGY, 
CELL  LUNr- 1GUNA  T10N*  AND  STRUCTURE  TESTING*  THE  DESIGN  AND 
durability  testing  of  aluminum  silicate  comes  and  future  work 

IN  THIS  PROGRAM  ARE  DISCUSSED*  <LCL> 

ALUM IN  Ion  SlLlCA1ESSAUTDMUblLtSlCENAM|CSiOESIGN*FAbNICAT 1CNSGAS 
TINbIML*.:  I  I  (MATER  I  ALSI  U2 (MATERIALS  TL  SI  I  NG  (RCGENERAT  OR  S  I 
T2.GI JNEsLANCH  PROGRAMS; VENT  HIGH  TEMPERATURE 
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FOR  THE  PAST  TWO  YEARS*  AMMRC  HAS  CONDUCTED  CERAMIC  MATERIALS 
RESEARCH  UNDlR  THE  SPONSORSHIP  OF  DOE -TEC  FUR  THE  GAS  TORE INE 
PROGRAM*  ThESS  STUDIES  HAVE  INVOLVED  GENERAL  SUPPORT*  AS 
REwULSTLO  bV  THE  DIVISION  OF  TRANSPORTATION  ENERGY 
CONSERVATION*  AND  HAVE  ALSO  FUCUSEO  ON  THREE  TASKS:  TASK  )  - 
DEVELOPMENT  OF  SlNTERAbLL  S I ASUB  2*NlSUb  4»;  TAS*  II  -  PROOF 
TESTING  HtTHUPOLOGV*  AND  TASK  111  -  DURABILITY  TESTING  OF 
STRUCTURAL  CLRAMICS*  RECENT  ACCOMPLISHMENTS  OF  TASKS  I  AND  111 
ARE  REVlLWEO  BRIEFLY  AND  THE  PROGRESS  ON  TASK  11  IS  PRESENTED. 
AUTOMUBlLLS:  T ll CERAMICS »GAS  turbines:  T2.QI (MATERIALS:  Qi; 
MATERIALS  TEST  ING  (PERFORMANCE  TEST  ING  (RESEARCH  PROGRAMS:  04  ; 
SILICON  nitrides:  taisintering:  ga 

7VC uGbe vuC 

CONF -7b GDI 02 —  CSUMM  PP.  |62-I6t 

AUTOMbllVE  GAS  TUMalNE  CERAMIC  MATERIALS  PROGRAM  OVERVIEW 

Blankenship*  c*p* 
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KEY  ELEMENTS  IN  THE  OOE/HASA  HEAT  ENGINE  HIGHWAY  VEHICLE 
SYSTEMS  PROJECT  INCLUDE  IMPROVED  AND  ADVANCED  GAS  TURBINE 
PROPULSION  SYSTEMS  AND  ADVANCED  SYSTEM  COMPONENT  TECHNOLOGY* 


CLRAMIC  MATERIAL  TECHNOLOGY  DEVELOPMLnT  IS  A  MAJOR  PROGRAM 
tilkLKl  UNO EH  THt  ADVANCED  SYSTEM  COPUNENI  TECHNOLOGY  PORTION 
OF  IHC  PROJECT*  ALL  HOI  FLOW  PATH  COMPONENTS  IN  ADVANCED 
SVbTtMS  ARE  LXPfcCItU  TO  NEOUIRE  CERAMIC  MATERIALS  IN  ORDER  TO 
OMCWA1L  Al  TlRolNE  INLET  TEMPtRATURLS  NEAR  2SC01SUP  OAF,  FOR 
CERAMIC  CjMPIMENTS.  F  Ahk  1C  A  T  ION  T  fc  Cft-4  OCUGT  IS  A  KEY  AREA  OF 
OCVLLUPMiM  THAT  »ILL  REuUIML  SUbSTANT  IAl  EFFORTS  FOR 
CUMPONENIS  SUCH  as  rotors  and  heat  exchangers*  component 
RLLI  ABILITY  AND  COST— EFFfcCT  IVCNESS  RILL  BE  EMPHASISED  AS  THEY 
ARE  THE  MOST  IMPORTANT  FACTORS  IN  THE  APPLICATION  OF  CERAMICS 
TO  AUTOMOTIVE  SYSTEMS,  lot  STRUCTURE  OF  THE  CERAMIC  MATERIALS 
PROGRAM  COVEkS:  MATERIALS  CHARACTER  1 1 AT  IONS  IMPROVED  MATERIALS 
OLVELUHMENT i  A M?  COMPONENT  DEVELOPMENT*  THE  STATUS  OF  RESEARCH 
STUDIES  IN  EACH  OF  THESE  FIELDS  IS  RtvJEwED* 

DESCRIPT  CMS  AUlCMOU ILESS  T 1  * CER AM ICS IF AbH I CAT  I  ON ; GAS  TURblNES:  T<*Gl,HOT 

PRLSSlNG.MATtR  1ALSI  ilk  {RESEARCH  PROGRAMS:  C**  {SILICON  CARBIDES, 
SILICON  NITR  IDES {SINTER INGIUS  DOE  V VERY  HIGH  TEMPERA1 ONE 
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STATUS  OF  FOtC>  CERAMIC  REGENERATOR  SYSTEM  DEVELOPMENT  PROGRAM 
RAnNKt •  C* J* 

HIGHWAY  VEHICLE  SYSTEMS:  CONTRACTOR  COORDINATION  MEETING* 

FUUHfCLNTH  SOT  MARY  REPORT 

IS6-I67 

HIGHWAY  VEHICLE  SYSTEMS  CONTRACTORS  MEETING 
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DATA  ACCUMULATED  IN  THE  LAST  SIX  MONTHS  IN  THE  PROGRAM  FOR 
EVALUATING  CcRAMIL  RE  GEN  fcK  A  T  OR  S  FOR  VEHICULAR  GAS  TURBINES 
CONTINUED  TO  SHOW  THAI  T  VO  MATERIALS*  ALUMINUM  SILICATE  IAST 
A MAGNESIUM  ALUMINUM  SILICATE  (MAS!  •  HAVE  THE  POTENTIAL  OF 
ACHIEVING  Ihl  PROGRAM  OBJECTIVE  OF  A  B»SUB  I  G»  LIFE  OF  10*000  H 
AT  &00SSVJP  OSC.  TO  DATE*  NONE  UF  THE  EIGHTEEN  AS  UR  SIX  MAS 
CORES  THAT  HAVE  BEEN  ENGINE  TESTED  SHO*  ANY  SERIOUS  SIGNS  OF 
CMEM I  CAL  ATTACK  DAMAGE*  TWO  AS  CORES  HAVE  EACH  ACCUMULATED  OVER 
7000  H*  A  PROBLEM  STILL  EXISTS  IN  ELASTOMER! CALL V  BONDING  A 
RING  GEAR  TO  A  TH|N~*ALL  AS  CURE*  ONE  THlN-wALL  CORE  WITH  A 
HIGH  COMPLIANCE  ELASTOMER  DESIGN  HAS  ACCUMULATED  *000  H  W I THOUT 
DISTRESS*  BUT  A  BIGGER  SAMPLE  IS  NEEDED  BEFORE  ANY  CONCLUSION 
CAN  BE  KcACMEU .  A  THICK.- WALL  AS  CORE  HAS  NOW  ACCUMULATED  5000  H 
AT  VoLSSuP  0»C  WITHOUT  OAMAGE*  FULL-SUE*  SECOND  GENERATION  MAS 
CiMfcS,  OF  IMPROVED  MATERIAL  COMPOSITION*  ARE  NOW  ON  ENGINE 
TEST*  OTHER  NEW  MATERIALS  ARE  NOW  UNDERGOING  LABORATORY  AND 
ENGINE  SCREENING  TESTS  FOR  CHEMICAL  ATTACK  RESISTANCE  AND 
ELfc V AT tU  TEMPERATURE  CAPABILITY* 
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COMPOUNDS; MATER I ALSS  03{ MATERIALS  TESTINGS  O {PERFORMANCE 
testing:  gj*D{ regenerators:  T3.G2.oitables:  divert  high 
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HIGHWAY  VEHICLE  SYSTEMS:  CONTRACTOR  COORDINATION  MEETING. 
FOURTEENTH  SIMMARY  REPORT 
1 33-1  SB 
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DUO-OENSITY  SILICON  NITRIDE  ROTORS  FQR  VEHICULAR  GAS  TURBINES 
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FABHICATLU  IN  1V7T.  BY  A  PROCESS  OLVl  LOPED  PARTIALLY  UNDER  OOE 
FUNDING*  hAVL  SHOWN  A  SIGNIFICANT  iMPkuVtMfcNT  IN  CULO  SPIN 
REL I  At)  1L  I  TV  UVER  THE  STA!C«OF-lHL*AhT  ROTORS  FABRICATED  IN 
I97S.  HOI  TEST  RESULTS  (OF  1V77  V  INI  AGE  ROTORS)  IN  BOTH  HOT 
SPIN  NILS  AND  ENGINES  ARL  VERY  ENCOURAGING  IN  TnAl  THE  FIRST 
ATTEMPT  1U  COMPLETE  A  20O-H  ROTOR  DURABILITY  TEST  WAS 
SUCCESSFUL*  CERAMIC  TURBINE  ROTORS  HAVE  NOW  BEtN  RUN  AT  TURBINE 
IM.ET  TEMPERATURES  OF  20  00  To  2S00SSUP  ©*F  AT  SPEEDS  OF  27*000 
TO  Su*0G0  RPR  FOR  PERIODS  UP  TO  200  H.  PROCESS  IMPROVEMENTS  IN 
INJECT  ION  MOLDING  WERE  IDENTIFIED  WITH  THE  ADDITION  OF  A  HUN AAR 
FLOS  CONTROL  UNIT  WHICH  RESULTED  IN  ELIMINATING  SUBSURFACE 
VOIOS  IN  THE  IftMER*  MORE  HIGHLY  STRESSED  PORTION  OF  THE  BLADES* 
MICROFOCUS  X-RAY  TECHNIQUES  WERE  DEVELOPED  TO  PRODUCE  MAGNIFIED 
X-RAYS  IN  ADDITION  lU  RADIAL  VIEW  PANORAMIC  X-RAYS  OF  THE  ROTOR 
•)LAD£  RING  RIM.  DEGRADATION  OF  REACT  1  UN— to O FOLD  SILICON  NITRIDE 
BLADE  RINGS*  WHICH  OCCURRED  DURING  *jT  PRESS  BONDING*  WAS  FOUND 
TO  bt  C  UK  I ROLL ABLE .  THE  ALL -CERAMIC  TURBINE  ROTOR  HAS  NOW 
JUlNLu  T He  CERAMIC  STATIONARY  COMPONENTS  WHICH  PREVIOUSLY  HAD 
DEMONSTRATED  200  H  DURABILITY*  A  MAJOR  INTEGRATED  PROGRAM  IS 
NOW  NtEDLO  TO  DESIGN  AND  DEMONSTRATE  HIGH  EFFICIENCY  CERAMIC 
TURBINES  AND  TO  DEVELOP  CERAMIC  MATERIALS  AND  PROCESSES  FOR 
LONG  UUHAoILITV  AND  HIGH  RELIABILITY* 

automobiles:  ti:ceramics;defects;fabricatiqn:  o3:failunes:gas 
turbines:  t£*ui;mgt  pressingsmater ials:  obimaterials  testings 

PERFORMANCE  TESTINGS  03*  ROTORS  2  T3.U2  SSIL  ICON  N1  TR  IDES  S  TEST 
FACILITIES! VERY  HIGH  TEMPERATURE 

7VU00BE39S 

CONF -7ECS102  —  ISUMM  W»*  B3-92 

IN-HOUSE  TEST  PRuGRAM  ON  TURbQMACH  1NERY  COMPONENTS  AT  NASA 
LEWIS  RESEARCH  CENTER 
WCNG*  R.Y. 

LEWIS  RESEARCH  CENTER*  CLEVELAND.  OH 

HIGHWAY  VEHICLE  SYSTEMS:  CONTRACTORS  COORDINATION  MEETING. 

FUURVEENTH  SIH^ARY  REPORT 
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HIGHWAY  VEHICLE  SYSTEMS  CONTRACTORS  MEETING 
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9  MAY  19TB 

SEP  1 97  S 

EU; -330 103 
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CCHF-To0SI02  —  (SUMM.) 

THE  OBJECTIVE  OF  THIS  PROGRAM  IS  TO  SUPPORT  THE  UPGRADED  ENGINE 
DEVELOPMENT  PROGRAM  BY  PROVIDING:  AERODYNAMIC  COMPONENTS  WHICH 
HAVL  ThE  POTENTIAL  Tu  MEET  PERFORMANCE  GOALS  AND  AUTOMOTIVE 
RELATED  CONSTRAINTS*  SUCH  AS  ORlvEAblLlTV*  LOw  COST 
FABRICATION.  ETC. 5  AND  C  CM  PONE NT  TEST  DATA  THAT  CAN  BE  USED  IN 
DIAGNOSING  EM*  INC  PERFORMANCE  PROBCEMS*  THE  SCOPE  OF  THIS 
EFFORT  IS  TO  BUILD  CONPOftftNT  TEST  RIGS  ANO  MAKE  COMPONENT  TESTS 
OF  EACH  COMP  CM  ENT.  THESE  COMPONENTS  INCLUDE  THE  COMPRESSOR. 

compressor  drive  turbine*  power  turbine*  interstage  ducting* 

AH*  DOWNSTREAM  DIFFUSER  ALL  PROVIDED  from  The  CHRYSLER  ungraded 

ENCut  program*  the  results  of  tests  on  the  compressor  and 

compressor  drive  topline  are  presented* 

automobiles:  ▼ i i compressors:  t 3 temper i menial  data:  d;gas 

turd 1NES:  12*01* digraphs:  d 1 performance; performance  testing: 

Q«*D1  RE  SEARCH  PROGRAMS:  G2*D3;1EST  FACILIT  IE  SI  TlATBOMACHlNERV 

7900068 393 

CiXF -7b OS I 02 — ISUMN  PP.  *6-66 

STATUS  OF  CERAMIC  COMPONENT  ANO  DURABILITY  DEVELOPMENT  FOR  TtC 
GAS  TURBINE  ENGINE 
ROCK  WOOD.  F  .  A* 

GENERAL  MOTORS  CURP.*  DETROIT*  Ml 

HIGHWAY  VEHICLE  SYSTEMS:  CONTRACTORS  COORDINATION  MEETING* 

FOURTEENTH  SUMMARY  REPORT 

4B-66 

HIGHWAY  VEHICLE  SYSTEMS  CONTRACTORS  MEET IMG 
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9  MAY  I97B 
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ELO-330103 

fcDb-330tu3 

CUNF--7to4t.l0ir —  (SOMM  •  ) 

CURRENT  ACTIVITIES  IN  A  PROGRAM  TO  DEVELOP  AND  EVALUATE  CERAMIC 
CUMP3NLN1S  KX  VEHICULAR  GAS  TURBINt  ENGINES  AWE  REVIEWED.  AT 
THIS  PC.  INI  IN  THE  PROGRAM*  ENGlNt  TESTING  HAS  WESULTEG  IN  OVER 
1000  H  UN  SILICON  CARblOE  NOZZLE  VANES*  102  H  UN  A  SILICON 
NITRIOL  IIP  SHROUD*  AND  OVER  3000  H  ON  ALUMINUM  SILICATE 
RfcGtNcMAIOR  DISKS  AT  AN  ENGINE  OPERATING  TEMPERATURE  OF 
19GC4GUP  OAF *  IN  ADDITION*  INITIAL  MATERIALS  CHARACTERIZATION 
IS  BEING  CONDUCTED  ON  RE  AC  1 lON-bUNDED  SILICON  CARblOE*  SINTERED 
S1L ICON  CAftblOt*  RE  ACT 1 UN-BONO ED  SlLJCIM  NITkloE*  AND  SINTERED 
SILICON  NITRIDE*  COMPONENTS  OF  ALTERNATIVE  MATERIALS  FOR  ThE 

vanl  and  tip  shroud  are  nuw  undergoing  rig  cdmpunlnt  tests  in 

PREPARATION  FOR  LA«LV  ENGINE  EVALUATION*  DURING  THE  NEXT  REPORT 
PERIOD*  EMPHASIS  WILL  BE  UN  CONT I NUED  TESTING  A I  1GO0ASUP  OAF 
WHILE  DESIGN  AND  PROCESS  DEVELOPMENT  ACTIVITIES  FOR  THE 
207GSSUP  OAF  CONF IGDR AT )  04  ARE  CONDUCTED* 

aluminium  silicaiessauidrubiles:  t i iceramicsiexperimcntal  data: 

D ;G AS  TURblNtS:  12* Ul *0 i GRAPHS :  O  l  MAI  ER1 ALS*  UE*0 *MAT ER I AL S 
VLSI  ING I  PERFORMANCE  TEST  ING  i  RE  SEARCH  PROGRAMS:  ClESSlLlCOR 
CARL  IDES .silicon  ni irioes; very  high  temperature 

79COObb392 

CONF— 7bCS102 — (SUMM  PP*  22-46 

STATUS  OF'  CONNECTIVE  DEVELOPMENT  PROGRAM  ON  CHRYSLER  UPGRADED 
ENb  INU 

•  AGN wK  »  C •  E  • 

HlGn«AV  VEHICLE  SYSTEMS!  CONTRACTORS  COORDINATION  MEETING* 
FUURILENTH  SIMMARY  REPORT 
22— AG 

HIGHWAY  VEHICLE  SYSTEMS  OONT RAC TORS  MEETING 
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StP  IW6 
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EUt»-3->0lc3 

CIMF “VfcOGlOi —  CSOMM . ) 

SINCE  1973  THE  CHRYSLER  CORP*  HAS  BEEN  ENGAGED  IN  A  PROGRAM  TO 
UPGRADE  IIS  AUTOMOBILE  GAS  TURBINE*  The  FIRST  UPGRADED  ENGINE 
WAS  PL*FURMA»*t  TESTED  IN  JULY  |V7G  AND  THE  RESULTS  SHOWED  THAT 
THL  I  UkbUMAC  WINERY  SECT  I DN  WOULD  H/ Vt  TO  bE  REDESIGNED  TO  MCET 
PROGRAM  uOALS*  PROGRESS  IS  REPORTED  ON  THE  CORRECTIVE 
DEVELOPMENT  141  as E  OF  This  program  which  INVOLVES  COMPRESSOR 
OLVELUPNcNT*  POWER  TURBINE  REDESIGN*  TURBINE  SECTION  REDESIGN* 

compressor  Turbine  development*  t mpust  bearing  and  gas  bearing 

DEVELOPMENT.  AND  ENGINE --VEHICLE  SYSTEM  DEVELOPMENT*  ILCL) 
AUTUMuolLtS:  T  1 i GAS  TUHb INES*  T2 .G  1  J RESEARCH  PROGRAMS:  Ui 

79X00b769? 

ADVANCED  COAL-FUELED  COMbUSTuR/HEAl  EXCHANGER  TECHNOLOGY  STUDY. 
PINAL  REPORT.  MARCH  1977 — JUNE  197b 

ROCKWELL  INTERNATIONAL  CQRP.  •  CANOGA  PARK*  CA  I  USA  I  •  ROCKETOYNE 
OKV* 

42 

OEP*  NT  IS*  PC  A03/MF  AO I • 

CONTRACT  EF-77-C-01  -2612 
197  b 

EDO -200 1  04 
EOb-200  IO« 

R  1/RD — 7b— 2  1 2 

THIS  REPURT  DISCUSSES  ThE  DESIGN  OF  COAL -FIRED  COMBUSTOR/HE  A  T 
EXCHANGERS  SUITABLE  FDR  INPUT  I NG  THt  HEAT  TO  BASE-LOAOEU* 
CLOSED-CYCLE*  GAS  TURBINE •  3S0  Nwt .  CENTRAL  STATION  POWER 
GENERATION  SYSTEMS*  A  WIDE  VARIETY  UF  CCGT  CYCLES  ARE  EVALUATED 
TO  ESTABLISH  THE  PERFORMANCE  RETIREMENTS  FOR  THE 
COMBUST OR /HE  AT  EXCHANGER*  THE  CYCLES  FINALLY  SELECTED  FOR 
CQMUUSTUN/HEAT  EXCHANGER  DESIGN  OPERATE  AT  l&SO  F*  17S0  F •  AND 
225©  F  MAX  I  MEM  WORK ING -FLUID  TEMPERATURES*  EACH  SELECTED  CYCLE 


DESCRIPTORS 


*  ****•  F*/STEAM  CYCLE  OPERATING  AT  2*00 
F*  T*E  tOAL  INPUTS  TU  STATIONS  INCORPORATING 
Tl*  SLLtCTEO  ANGLES  ARE  ESTIMATES  TO  MANGE  BLTOtEN  B2  AND  box 
OE  THE  RtGUlttO  INPUT  TO  A  2«0G-PS  1/1 000  F/lbOO  F  CONVENTIONAL 
SILAM  STATION.  AT  TT«.  tS»  F  MAXIMUM  kClKA  I NG-FLUI S  TEMPt  MATURE  . 
*■“  CUMfaUjTUN/HEAT  EXCHANGER  PRELIMINARY  RESIGNS  ARE  CREATES. 
UNL  UTILISING  The  PULVERUEO-COAL -FIRES.  SRY-SUTTSM  FURNACE 
FIRING  CUNCI  PT  ANS  THE  OTHER  UTILIZING  THE 

A  TMEiS—hER  I C— PRESSURE  .  FLUIDIZES  BEG  ■  I  TM  LIMESTONE  ADDITION 

i’VNS£,'T  T-.il!  5°,M  ENSIGNS,  all  heat  exchanger  surface  is 

.i'  F  NAXIMUM  murk  I  NG-FLUI  S  TEMPERATURE.  THE 

CEATsOSTOm/HE AT  EXCHANGER  PRELIMINARY  DESIGN  IS  BASED  ON  A 
SERIES  ARRANGEMENT  OF  HIGH-  ANS  LOM-TEMPERATuRE  FLUIDIZES  BESS. 
A!  2ZGg  F  MAXIMUM  MORK I  NG-FLUI  U  TEMPERATURE.  THE  COMBUST  OR/HC  AT 
DESIGN  is  BASED  ON  THE  SLAGGING  CYCLONE 
ClRLUSTUn  CONCEPT.  HEAT  EXCHANGER  SURFACE  EXPOStD  TO 
■IA<A)NU-FLU1U  TEMPERATURES  ABOVE  1SSO  F  IS  CONSTRUCTED  OF 
SILICUN  CARBIDE.  TNE  KEY  TECFFIICAL  FEATURES  OF  THE  FOUR 
PRELIMINARY  UE  SIGNS  ARE  I  DENT  IF  IEO  ANU  ANALYZED.  RESEARCH  ANS 
OEVELOPFcNT  PROGRAMS  TO  ADVANCE  THE  I CCMNOLOGY  OF  THESE  DESIGNS 
TO  A  STATE  OF  READINESS  FOR  COMMERCIAL  APPLICATION  ARE 
OUTLINES.  AND  R  AFO  S  COST  ESTIMATES  AME  PRESENTED.  THE  COST  OF 
CU:CTMICITY  maoUCED  IN  TOD  MME  STATIONS  INCORPORATING  THE 

CT?Lt5  AN0  COMBUSTDR/HEAT  EXCHANGERS  IS  ESTIMATED 
STATfoNSAHED  ",,H  ***  COM  °K  tLtC,,<,C,T',  ,N  CONVENTIONAL  STEAM 

C  ARSON  DIOXIDE  iCLUSED-CVLLE  SYSTEMS  ICUMB  1NE0-CYCLF  POSER 
PLANTS!  Tl ICLMBUSTURS:  T3.GI ; COMP A RAT 1VE  EVALUATIONS .COST  I 
design:  uztOAiGAs  turbines i heat  exchangers:  T2.ui  ihelium; 

MATERI ALSiPOtf m  GENERA? I  OV  ISTEAM  TURBINES: THERMODYNAMIC  CYCLES; 
■QKK INO  htUlbS!  U2 
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HOT  CUNRDSIDN/EROSION  TESTING  OF  NATERIALS  FOR  APPLICATION  TC 
ADVANCES  POMER  CONVERSION  SYSTEMS  USING  COAL -DERIVED  FUELS. 

Fi-UIUIZED  BED  COMBUSTION.  MONTHLY  TECHNILAL  REPORT. 
SfcRTEMbfcK  1  —  —3  0  b  19  77 

NuTaIS.  M.S.;  bERTRANO.  fc.  «  LOUGHNANE .  M.D. 

EXXON  RESEARCH  AND  ENGINEERING  Cu..  linden,  nj  iusai. 
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CON  Traci  LX-76-C-OI  -2*52 

G  OCT  1 V FT 

COB— *21 ODOI 0  1*000 

LDB-4.IOOU 

FE—2«Si-IS 

I*«tE  TLSTS  OK  THE  BINIPCANT  GRANULAR  BED  FILTER  MERE 
ACCOMPLISHED.  MOOIF ICAI IONS  TO  THE  G4ANULAA  BED  FILTER  INVOLVED 
It  AUDITION  OF  ME?  HA  HE  INJECTION.  OU1LET  PIPING  MANIFOLDS.  AND 
INSULATION.  UIANULAR  BED  F  |L TER  EXIT  TEMPERATURES  OF  ISSOSSUP 
OSF  «ERE  ATTAINED  FDR  SHD<T  INTERVALS. 

cual;fluiuI2ed-beo  combust ion;fluidized-bed  combustors:  T2IGAS 

TCRblNES:  TA  .02:  GRANULAR  BED  filters:  TIIHEAT  Exchangers:  T3.Q2I 
MATERIALS!  GJ.U4SMUSIFICAT  ions:  Dl  (PERFORMANCE  TESTING:  01 
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UAS-TukblNC  PREVENTIVE  MAINTENANCE  PROGRAMS  CAN  SUCCESSFULLY 

reduce  downtime*  increase  efficiency*  and  lower  emissions*  to 

ACHIEVE  THESE  AIMS*  AND  GUARANTEE  THE  SAFETY  OF  MECHANICS*  THE 
US.  OF  SOME  SPECIAL  UkO  TOOLS  IS  RECOMMENDED.  IN  PARTICULAR  THl 
USE  OF  TURUUE  MULTIPLIERS*  PULLERS  AND  PUSHERS*  SOCKETS  AND 
TRANSPORT  STANDS  IS  DESCRIBED* 

GAS  TURbINCSS  Tl |MA INTENANCE S  01 
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BRITTLE  MATERIALS  OESIGM*  H I GH-TEMPE  W  A  TORE  GAS  TURBINE  S 
CERAMIC  1URBINE  ROTOR  TECHNOLOGY.  INTERIM  REPORT  NO.  13. 
OCTObtR  1977  —  MARCH  1V7B 
MCLEAN.  A.F.i  BAKER.  R.R » 
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A  *#4R  C*1h — 7  V  — 1  I 

PkOLKlSS  uf"  PREVIOUS  WORK.  QN  REACTION  BONDLO  ANO  HOI  PRESSED 
SILICON  NITRIDE  MATERIALS  TECHNOLOGY  IS  SUMMARIZED. 

improvements  to  the  hot  press  bonding  process  resulted  in  a 

SIGNIFICANT  IMPROVEMENT  IN  THE  YIELD  OF  FLAB-FREE  HOT  PRESS 
BONDED  ROTORS.  MODULUS  OF  RUPTURE  AND  COLD  SPIN  TESTS  OF  ROTOR 
bLADE  RINGS  REVEALED  The  PRESENCE  OF  UNDETECTED  SUBSURFACE 
F  LA*  S  IN  BOTH  THE  BLADES  ANO  THE  RIM.  BLADE  BEND  TESTING 

Indicated  that  blade  strength  degraded  during  hot  press 

BONDING.  AN  INVESTIGATION  OF  HUT  PRESS  BONDING  I  c.  MPc  R  ATURE  S  AND 
TIME  AT  It  HP  t.R  ATURE  DEFINED  A  REGION  OF  ZERO  M  1  CnOST  RUC  TUR  AL 
AND  STRENGTH  DEGRADATION.  USING  IV  HOI  PRESS  BONDINGS.  CURVES 
WtRE  GENERATED  DEFINING  ThE  CHANGES  IN  COLOR.  POROSITY. 
HARGNtSS.  PHASE  ANO  STRENGTH  AS  A  FUNCTION  OF  TIME  ANO 
TEMPERATURE.  IMPROVEMENTS  IN  INJECTION  MOLDING  OF  ROTOR  BLAOE 
RINGS  WL*t  MADE  UTILIZING  AN  ADAPTIVE.  PRUCESS  CONTROL  UNIT 
WHICH  CONTROLLED  AND  MONITORED  THE  INJECTION  VELOCITY  AND  DIE 
CAVITY  PRESSURE  DURING  T  Ffc  INJECTION  AND  HOLD  PORTIONS  OF  THE 
MOLDING  CYCLE.  MICROFOCUS  X-RAY  RESULTS  INDICATED  THAT  HIGH 
INJECTION  FLOWRATES  COMBINED  WITH  LOW  HOLDING  PRESSURES  IN  THE 
DIE  CAVITY  REDUCED  THE  NUMBER  OF  SUBSURFACE  VUlD-TVPfc  BLADE 
FLAWS.  ThE  UtTLCTlON  OF  PLANAR  FLAWS  IN  BOTH  GREEN  AS  —MOLDED 
AND  NIT  RIDEL  BLADE  RINGS  REVEALED  THAT  THIS  TVPt  FLAW  WAS  ONLY 
DElLClAbLt  AFTER  N 1  TR I D1  FA* .  INDICATING  THAT  IT  MAY  ONLY  OCCUR 
AFTER  bUKN  OUT  AND/QH  Nl TR I DING.  APPROXIMATELY  30  EXPERIMENTS 
WERE  CONDUCTED  UTILIZING  GLASS  AND/OR  METALS  AS  ISOSTATIC  HOT 
PRESSING  MEDIA.  DECOMPOSITION  OF  ThE  GLASS  WAS  MINIMIZED  WITH 
VYCDR  UTILIZING  BORON  NITRIDE  AS  A  BARRIER  MATERIAL.  A 
RELIABILITY  ANALYSIS  WAS  CONDUCTED  FOR  INDIVIDUAL  LOADING 
CONDITIONS.  KL COMMEND AT I ONS  FOR  FOLLOW  UN  wOra  ARE  PRESENTED. 
Aui omgb  ills.  mono  ing  s cera mi cs ; def l c ts *  f  abr  i cat  iun:  gz;gas 
luRoiNcs:  ti;hoi  pressingjma  ierials  testing:  u3;perf*ormance 
testing:  jrsli abi li tv; research  programs:  dz.G3.ua;rotdrs: 

li.Ul  JSIgICDN  CARdl  DESISILICDN  NITRIDES:  T3;lOW61NE  BLADES*.  T4  4 
VERY  HIGH  TEF*»ERATURE 
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TECHNICAL  OVLR VIEW  of  cogeneration;  THE  HARDWARE.  THE 
INDUSTRIES.  THE  POTENTIAL  DEVELOPMENT 

RESOURCE  PLANNING  ASSOCIATES.  INC..  WASHINGTON.  DC  (USAl 
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CCWTRACT  t  V- 7C*-C -63 -U23-009;EV -76-003-1223-01  6 
1  DEC  1977 

PORTIONS  OF  DOCUMENT  ARE  ILLEGIBLE 
E 00-3*60034290 BOG 
E  Ub-3*0b 
SAN — Hi  3—1  1 

because  the  bv "Product  heat  frum  a  power-conversi on  process  is 

CAPTURED  FDR  PRODUCTIVE  USE  IN  A  COGENERATION  SYSTEM.  INSTEAD 
OF  EXHAUSTED  TO  TtC  ENVIRONMENT  AS  H  IS  IN  A  CONVENTIONAL 
POWER  PLANT.  COGENERATION  REPRESENTS  AN  IMPORTANT 
EFC.RGY-CONSERV  AT  IUN  TECHNIQUE.  BY  COGENERATING.  AN  INDUSTRIAL 
PLANT  CAN  SAVE  THE  FUEL  THAT  WOULD  HAVE  BEEN  NEEDED  TO  PRODUCE 

the  amount  of  heat  captured.  RECOGNIZING  The  significant 

ENERGY -SAVINGS  POTENTIAL  OFFERED  BY  COGENERATION.  DOE  HAS 
OVERTAKEN  A  MAJOR  R.  D.  AND  D  PROGRAM  TO  INVESTIGATE  AND 
P»«MOTE  COGE^RATION  IN  industry.  RESOURCE  PLANNING  ASSOCIATES. 
INC.  (RMA).  HAS  BEEN  WORKING  TO  ACCOMPLISH  FOUR  OF  THE 
Program *s  objectives:  (ii  survey  current,  near 
state-of -the -art ,  and  future  cogeneration  equipment,  and 

IDENTIFY  ANY  GAPS  or  OEF 1C IENC 1ES;  (2)  CHARACTERIZE  THE  ENERGY 
REQUIREMENTS  OF  THE  MANUFACTURING  SECTORS  OF  FIVE  OF  THE 
COUNTRY  •  S  MOST  ENERGY-INTENSIVE  INDUSTRIES  -  CHEMICAL. 
PETROLEUM  REFINING.  PAPER  AND  PULP.  TEXTILES.  AND  F0Q04  (31 
IDENTIFY  PRINCIPAL  TARGETS  FOR.  AND  BARRIERS  TO.  THE  INCREASED 


MARK.E1  DkVELlPMEKT  Of  COGENERATION  SYSTEMS;  AND  (4  I  ESTIMATE 
Tht  KUMUL  MAXIMUM  AN U  THE  PHObAbLt  ENERGY  SAVINGS  THAT 
CUuLD  Ufc  ACHIEVED  IN  THE  FIVE  SELECTED  INDUSTRIES  THROUGH 
CUGkNLRAI JON*  In  INVESTIGATING  CUGkNL RATION  HARDWARE.  THREE 
SPkClMC  TECrMULUGlLS  -  STEAM  TORE  1  Nt  S  «  GAS  lUNb  INC  S  •  AND 
D  Ik  SL  L  tNClNtS  -  MERE  EMPHASISED*  IT  IS  ESTIMATED  THAT  THE 
MIULSPWLAU  APPLICATION  Of  COGENERaI  ION  TECHNOLOGY  IN  THE  FIVE 
INDUSTRIES  StUOlED  COULD  RtSULT  IN  A  MAXIMUM  PUIENllAL  SAVINGS 
Of  *-•*>  MlLLllM  DARRELS  KJf  U  L  tGUI  VALENT  MLR  DAY  (DR  A  MAXIMUM 
INCREMENTAL  CAPACITY  OF  140*000  MM  E  I  BY  IVES. 

DESCRIPTORS  CHEMICAL  INDUSTRY:  T4 SCO-GENtRAT 1 ONJ  1  6*0  1  .02  *U3.04  *Qt>; 

DEMONSTRATION  PROGRAMS! D IE S£L  ENG INC SS ECONOM |C  IMPACT (ENERGY 
CONSERVATION (ENERGY  SUMS 1 1  TUT  ION  E GU I  VALENT S FOOD  INDUSTRY:  T5S 
GAS  1  UWb I NES  (GOVERNMENT  PtlL  I C  IE  S  (  INDUSTRY  ( L£ GAL  ASPECT  S (PAPER 
IMiUSTRV:  T? (PETROLEUM  REFINERIES*  T|(REVIEMS:  06 (ST E AM 
turbines; tex  11  le  industry:  T3(us  doe 
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CHANGING  MORLD  OF  GAS  TURBINES 
JAVETBKl*  Jo 

POWER  ( N*  V  •  |  *  V*  122*  NO*  V*  P*  S 
SEP  I  Wfc 
E OB-200  104 
EDB-2GGIG* 

IM  LAS1  DECADE  HAS  WROUGHT  MANY  CHANGES - SHORTAGES  ANO 

SKYROCKETING  PRICES  UF  FUEL*  AND  GREATER  CONCERN  FOR  THE 
ENVIRONMENT*  TO  NAME  JUST  TWO— THAT  HAVE  T*)fc.ATENLD  THE  FUTURE 
VIABIcIlY  OF  THE  GAS  TuRblNE*  THIS  SPECIAL  REPORT  DETAILS  THE 
EFFECTS  THAT  TtCSE  CHANGES  HAVE  HAD  ON  GAS-TUNbtNE  DESIGN* 
DESIGN  IMPROVEMENTS*  FUELS  FLEXIBILITY*  ANO  ENVIRONMENTAL 
COMPAl IblLlTV*  the  thermuoynamics*  components  and  applications 
OF  GAS  TURBINES*  RECENT  DESIGN  IMPROVEMENTS  AIMING  FOR 
EFFICIENCY  AfX>  reliability*  and  the  problem  OF  FUELS  are 
lixjsilerlD*  improved  dcSIgns  mane  possible  highlh  Turbine*- inlet 
TEMPERA  I URES  A  Hj  COMPRESSION  RATIO*  ALSO  BETTER  COOLING 
TELHNluUtS*  fcETTkW  MATERIALS  AND  COA I  I NGS  ARE  INTRODUCED*  THE 
PROBLEM  OF  CtPING  WITH  THE  NEW  EXHAUST -EMISSION  LIMITS  IS  THEN 
OlSCUSSfcD*  FUTLPE  IMPROVEMENTS  MAY  INCLUDE  HIGHER  FIRING 
TEMPERATURES*  GREATER  USE  OF  COAL  AS  FUEL.  AND  HOMOGENIZATION 
OF  GAS-TUHbIM:  Fuel  AND  WATER  TO  REDUCE  EMISSIONS. 

AIR  POLLUTION  CONTROL (DESIGN!  Ql JEFF IClENCVi GAS  TURBINES:  Tl( 

performance:  q kreliabil it y 
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CALIBRATION  ANO  IROUbLE  SFOOT  I  NO  OF  GAS  TURBINE  CONTROLS 
STHEICh.  R.J.i  SHINN.  J.N.t  bRUOOS.  O.b. 

GE 

MOVER  EAR...  V.  *2.  NO.  II.  FP.  I»-M 

NOV  IV70 

tGB-20010* 

COB -2  00 1 OA 

During  The  initial  installation  of  a  las  turbine  plant,  the 
IOIAl  CONTROL  SYSTEM  IS  LALIbRAlLO  ANO  TeSTtu  TO  VERIFY  PROPER 
PERFORMANCE  FR  IOR  TO  COMMERCIAL  OPERATION.  AFTtN  T  Nt  ONI  1  IS  IN 

service,  the  calibration  shoull.  be  chelko  on  a  periooic  easis 

AS  KiLOF.hLUOtO  BY  THL  HANOF  ALATUHE  h  OR  AS  EXPERIENCE  DICTATES. 
ALlhjuk.li  POST  OF  THE  CAL  is  A  A 1  I  NO  PulNIE  ARE  ELECTRONIC 
adjustments  in  thl  Turbine  panel.  There  are  aouitional  otvicES 

ON  THL  TURblFRc  BASE  I  ANO  SOME  IN  OTHER  OFF-OASI  t  uu  I  PM  ENT) 

VHILH  RtUUIRt  CALIBRATION  OR  A  SITINGS  CHECK  TAO  COMPLETE  A 
MACHINE  CAL  I  OR  AT  ION.  THESE  DEVICES  TYPICALLY  INCLUDE  PRESSURE 
TRANSOUCtkS,  PRESSURE  SolTCHLS.  ANO  1  EWER  AT  ORE  SklTCntS. 
Calibration  checking  of  these  devices  is  scimevhai  more 
TROUBLESOME  IHAN  THL  CAL  lb RAT  ION  OF  the  ELECTRONICS  bECAUSE, 
GENL RALLY  •  TH  Y  MUSI  BE  ISOLATEO  FROM  THE  SYSTEM  bEFORE  A  CHECK 
CAN  bt  MAUL. 

CAl  I  UR  A  T  ION!  CONTROL  SYSTEMS:  01  {ELECTRONIC  EOUI PNI  NT  JGAE 

turbines:  ti  .02: maintenance :pomer  Plants:  1 2 :re l i  as  1  l  1  t  v 
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HOV  LIGHTWEIGHT  ANO  HEAVY  GAS  TURBINES  COMPARE 
GlAMPAOLU,  A.J. 

COOPER  ENcRGV  SENV.  MOUNT  VEHNUN.  OHIO 
OIL  GAS  J.  ,  V.  77.  NO.  I.  PP.  BB-BB.  73 
I  JAN  I V  7v 
EOu-EUl/lO*;  JJ0I03 
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IF4JUSTR I AL ,  MARINE,  POVER  GENERATION.  AND  PUMPING  APPLICATIONS 
HAVL  ULMONSTRA1ED  THAI  LIGHTmLIGhT  ANU  HcAVVwEIGHI  GAS  TURBINES 
ARE  UUTH  SUITED  FOR  HEAvV-OUTV  bASL  LOAD  OPERATIONS.  THE  TERM 
LIGHTWEIGHT  REFERS  ID  AERO-OtH  IVAT  IVE  GAS  TURBINES.  THE  AUTHOR 
FIRST  OFFERS  A  BRIEF  HISTORICAL  REV  IE  *  OF  GAE-TUHl  INE  ADVANCES. 
ANO  1  bt N  DISCUSSES  THL  CURRENT  SIMILARITIES  UtTvEEN  THE 
LIGHTWEIGHT  ANO  HEAVYVEIGHT  GAS  TURblF*S.  OCSlGN  VARIATIONS 
BllaEEN  The  TVO  GAS  TUNblNES  ARE  ALSU  COVERED, 
bt  AR I NGS  i  COMBUST ORS I  COMP  AR A  Y IVE  EVALUATIONS:  u I ICUMPRE SSORS; 
eff I liencv i gas  turbines:  ti:uperatiun;pcIrollum:pipelines 
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PUb  OESC  AtG-ltLfct-ONKLN  PROG..  NO.  3*  PP.  IG4-I0V 

OAlE  IV7B 

CATEGORIES  Eub-2001u4 

PRIMARY  CAT  EDB-euGIt* 

ABSTRACT  1  Ml  S  ARTICLE  GIVES  SOME  If  THE  CHARACTER  1ST  1C  DATA  OF  AEG-KAN1S 

G/S  IJHblNtS.  DEIAILEO  INFORMATION  UN  EFFICIENCIES  AND  SPECIFIC 
COSTS  PWUVIDLS  THE  BASIS  FOK  DISCUSSION  OF  I He  ECUNOMICS  OF 
VARIOUS  TYPLS  OF  OPERATIC*.  TAKING  FUEL  AVAILABILITY  AND 
CtMMr.N1  MM  ICES  INTO  ACCOUNT.  FINALLY.  ThE  INFLUENCE  OF  GAS 
TtMtilNE  UP  E  M  AT  ION  ON  THE  ENVIRONMENT  IS  BRIEFLY  DISCUSSED. 

DC SCR I PTORS  COST  JEFF IC1ENC V!  OISGAS  TURblNES:  II* HEAT  RE COVER Y* LOAD 

MANAGEMENT:  ill  IOPERAT  ION  VST  AMT  -UP  ;  TEMPERATURE  DEPENDENCE  • 
TftRMODVNAK  |C  CYCLES 
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ABSTRACT  AS  PART  OF  the  DEPARTMENT  OF  ENERGY  ACTIVITIES  TO  REDUCE 

PETROLEUM  CONSUMPTION.  DETROIT  DIESEL  ALL  1  SUN  ( ODA I  IS 
CONDUCTING  A  PROGRAM  AIMED  AT  ADVANCING  Tut  ST A Tk -OF  — THE —ART  OF 
UTILISATION  OF  CERAMIC  COMPONENTS  IN  HIGHWAY  VEHICLE  GAS 
TURbINC  ENGINE  S  TO  REDUCE  FUEL  CONSUMPTION  BY  PERMITTING 
INCREASED  GAS  TuPbINC  OPERATING  TEMPERATURES.  INITIAL 

components  oo  engine  tests  of  three  components  are  underway  at 

AN  ENGINE  OPERATING  TEMPERATURE  GS1SOP  OAF  ITbSSOP  0*0  ABOVE 
The  .JASClINL  all-metal  dda  ag*  industrial  gas  turbine  engine. 
fcNClH-  EXPERIENCE  TOTALS  OVER  1GC0  H  ON  A  SET  OF  SILICON 
CARbJDL  NOZZLE  VANES.  10G  H  ON  A  SILICON  NlTRlOE  TIP  SHROUD  AND 
3000  H  ON  ALUMINUM  SILICATE  REGENERATORS. 

I7E SCR I PTORS  ALUMINIUM  S1LI CA TES J AUTOMOBILES:  T?« CERAM ICS .FULL  CONSUMPTIONS 

gas  turbines:  t i .02 : internal  combustion  engikessmater ials:  on 

MAI  L  R  1  AES  Tfc  ST  I NG.  S  1L  1C  UN  CARb  IDe  S  S  S I L  ICON  N  I T  R  I DES  S  TE  »4>ER  A  T  OR  E 

effects  susts 


G-129 


accession  no. 

T I  TLE 
AUTHORS 
AUTHOR  AFF 
PUB  OESC 
DATE 

CATCGQR IES 
PRIMARY  CAT 
ABSTRACT 


DESCRIPTORS 


7VJ00G32BI 

DEPARTMENT  OF  ENERGY  AUTOMOTIVE  HEAT  ENGINE  PROGRAM 
TMUR.  g.m. 

US  DcH  Of  ENERGY 

SAe  PREPn..  ft) .  TbOeVk.  PP.  1-11 
lG7c 

ECjB-33G1G3;3JO201  *.330003 
EDO-JjOILJ 

FOR  SUM!  TIME  FOW.  ThE  DEPARTMENT  OF  ENERGY  I  DUE  I  MAS  BEEN 
INVOLVED  IN  THc  DEVELOPMENT  QF  NEW  MEAT  ENGINE  SYSTEMS  TO  POWER 
CARS.  BUSES.  A NO  TRUCKS.  THIS  PAPER  PRESENTS  HOW  THE  AUTHOR 
VIEWS  THE  MAJOR  ISSUES  AFFECTING  ADVANCED  AUTOMOTIVE  PROPULSION 
SYSTEMS.  IN  ADDITION.  THE  ROLES  OF  INDUSTRY  AND  GOVERNMENT  ARE 
DESCR 1  LED.  GOALS  ANu  OBJECTIVES  FOR  THE  DOE  MEAT  ENGINE  PROGRAM 
ARE  DEFINED.  AND  HOW  DOE  PLANS  TO  MEET  THESE  GOALS  IS 
DISCUSSED.  LASTLY*  A  MARKET  PROJECTION  IS  PRESENTED  THAT  SHOWS 
HOW  AND  WHEN  THESE  ADVANCED  HEAT  ENGINE  TECHNOLOGIES  COULD 
REACH  Iht  CUffeUMER*  THE  CURRENT  PROGRAM  OBJECTIVES  ARE  TO 
DEMONSTRATE  IN  AUTOMOBILES  BV  IGfcj:  AT  LEAST  A  30  PERCENT 
IMPkJVEMeNI  IN  FUEL  ECONU4Y  COMPARED  TO  ThE  BEST  ICE  SYSTEM 
DESIGN  FUR  1  ft  SAME  PERFORMANCE!  EMISSIONS  CLEANER  THAN  THE 
ORIGINAL  CLEAN  AIR  ACT  STANDARDS.  INCLUDING  ANY  NEW  FEDERAL 
PARTICULATE  STANDARDS:  T  HE  CAPABILITY  TO  USE  ANY  COMBUST  IDLE 

fluid  as  fuel  imult ifuel  capability);  a  system  suitable  fur 

PRODUCT  It*  ENGINEERING  AND  CUMME  MC  I  AL  1 C  A  T  I  ON  •  THE  GAS  TURBINE 
Aft)  STIRLING  ENGINk  PROGRAMS  NEFLfcC I  TwO  MAJOR  HEAT  ENGINE 
OcVcLOPMLNT  W OGHAMS  BEING  SPONSORED  BY  DDE. 

automobiles:  tj;gas  turbines:  tajheat  engines:  T2.o3;re search 
pkjgmams:  uk.uA.us:sTiRL  ing  engines:  tb;us  doe 

.  rv  . 
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MAINTENANCE  CF  GAS  TURBINE  ACCESSORY  EQUIPMENT 
6  INGHAM .  P.J#J  HUMTANEN.  P.H.S  SI ARNE  S.  H.G. 

GE 

POWER  ENG..  V.  82*  NO.  9.  PP.  74-77 
SEP  I V7b 
EDB-200T04 
CUB -200104 

PROPER  DIVISION  OF  ACCESSORY  EQUIPMENT  MAINTENANCE  INTO  TWO 
TYPES  (“RUNNING**  HEMS  AND  LARGER  SYSTEM  UPKEEP  ITEMS!  AND 
RECOGNITION  uF  THE  MAJOR  CONTRIBUTING  COMPONENTS  TO  OPERATING 
INCIDENTS.  AtC  TnE  FIRST  REQUIREMENTS  FOR  EFFECTIVELY 
PREPLANNING  a  MAINTENANCE  PROGRAM  THAT  WILL  LEAD  TO  REDUCED 
UVLmALL  MAINTENANCE  COSTS  AND  IMPROVED  AVAILABILITY.  A  RECENT 
SAMPLING  OF  72  REPORTED  INCIDENTS  RELATED  TO  LACK  OF 
MAINTENANCE  QF  ACCESSORY  EQUIPMENT.  SHOWED  FIVE  MAJOR 
CCfxTRIOUllNG  COMPONENTS:  LUBRICATING  OIL  PUMPS.  MAIN  FUEL 
PUMPS,  load  coiplings.  starting  DIESEL  ENGINE,  and  atomizing 
AIR  COMPRESSOR . 

AiuMiZAi  iun; auxiliary  systems:  qiicarbon  dioxide; cool ingio ie scl 
ENG LNtGiCLECTW  1C  »AT 1 I ESIGAS  TURBINES:  T I . LUbRICAl ION  * 

maintenance:  qijpumps 
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CATEGORIES  ED6-33G103 
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ABSTRACT  THE  MAJOR  CONSIDERATIONS  WHICH  WILL  ASPECT  TnE  SELECTION  OF  A 

CERAMIC  AfcGtt'fcWAT  IVt  HEAT  EXCHANGER  FOR  AN  IMPROVED  TOO  HP 
AUTOMOTIVE  GAS  TURBINE  ENGINE  ARE  PRESENTED*  THE  REGENERATOR 
CONSIDERED  FOR  ThJS  APPLICATION  IS  ABOUT  36CM  CIA  IN.)  IN 
DIAMETER*  RE  GE  NCR  A  T  OR  COMPARISONS  ARE  MADE  OR  THE  BASIS  OF 
MATERIAL  (AllM)NUM  SILICATE  AND  MAGNESIUM  ALUMINUM  SILICATE)* 
MEIHDD  OF  FAtPICAIION  (ClPRUGAT ING *  EMBOSSING*  AND  EXTRUSION)* 
COS1 •  AND  PERFORMANCE •  A  REGENERATOR  INLET  TEMPERATURE  OF 
I 00 OS SUP  6*C  IS  ASSUMED  FOR  PERFORMANCE  COMPARISONS*  AND 
LABORATORY  TEST  RESULTS  ARE  DISCUSSED  FOR  MATERIAL  COMPARISONS 
AT  1100  AND  I20DASUP  OSC*  ENGINE  TEST  RESULTS  USING  THE  FORO 
TOT  INDUSTRIAL  GAS  TURBITC  ENGINE  ARE  ALSO  DISCUSSED* 
DESCRIPTORS  ALUMINIUM  SlLl CA  TES* AUTOMOBILE SI  T  t ; CERAM 1 CS I COST i  03  * 

EXPERIMENTAL  DATA:  D I FAB RICA? I  ON 5  03 S GAS  TURBINES:  T2*0|oD{ 
graphs:  dsheat  exchanger  si magnesium  compounds (PERFORMANCE 
testing:  os;  ml  generators:  t 3 *oe*d; thermodynamic  properties:  d 


79V0049 164 

ENGINES  AND  ENERGY:  FUTURE  TRENDS 
AGMEtf *  4*0* 

GENERAL  MOTORS  RESEARCH  LAB**  BARREN*  Ml 
PROCEEDINGS  LF  A  SYMPOSIUM  ON  IMPLICATIONS  OF  ENERGY 
CONSERVATION  AM)  SUPPLY  ALTERNATIVES 

CONF  —7b  Cl  SO - 

1 71  -2 1  b 

SYMPOSIUM  ON  IMPLICATIONS  OF  ENERGY  CONSERVATION  AND  SUPPLY 
ALTERNATIVES 

COLORADO  SPRING*  CO*  USA 
30  JAN  1976 

SCIENCE  APPLICATIONS*  INC*  *  EAST  BRUNSWICK*  NJ 
197b 

COB— 2 Vb GOO 1 330  |G0 
E0B-2VOG0C 

DR*  AGNE4  POINTS  OOl  THAT  IN  THE  NEAR-TERM  (TO  ABOUT  1990 >•  NEW 
E*E*GY  SOURCES  SUCH  AS  SYNTHETIC  FUELS  CANNOT  MAKE  SUBSTANTIAL 
ClMTRIbU)  I  DNS*  IN  THE  LONG  TERM  (2G0G  AND  BEYOND)*  WHEN 
PETROLEUM  RESOURCES  WILL  Bt  SHORT*  WE  WILL  HAVE  TO  CONVERT  TO 
SYNTHLT1C  FUELS  DERIVED  FROM  TAR  SANDS*  SHALES*  OR  COAL*  THE 
TRANSPORT AT  1  CM  SECTOR  CONSUMES  26k  OF  ALL  U*S*  ENERGY  AND  55* 

OF  THl  PETROLEUM  SUPPLY*  THE  AUTOMOTIVE  INDUSTRY  IS  CONDUCTING 
POWER-PLANT  A  AND  O  PROGRAMS  INVOLVING  NEAR-TERM  MODIFICATIONS 
TO  The  CONVENTIONAL  SPARK-1 GNl TION  GASOLINE  ENGINE*  AS  WELL  AS 
RESEARCH  ON  ALTERNATES  TO  THE  CONVENTIONAL  SPAhK-JGNI  T  ION 
ENGINE  FUR  TrE  LONG-TERM  SITUATION*  DR*  AGNtw  SEES  IMPROVED 
CONVENTIONAL  ENGINES*  LIUM-I/UTV  DIESEL  ENGINES*  AND 
SIRA  TIMED-CHARGE  ENGINES  AS  FEASIBLE  IN  1976  TO  1 90S* 
GAS-TURBINE  ENGINES*  ELECTRIC  BATTERY-POWERED  VEHICLES*  AND 
METHANOL -FUELED  ENGINES  FUR  1965  TO  2  0001  AND  HYDROGEN-FUELEO 
ENGINES  AND  FUEL  CELLS  FCA  2000  AND  BEYOND*  EACH  SYSTEM  IS 
BRIEFLY  DISCUSSED*  A  LENGTHY  ROUNDTABLE  OlSCUSSlON  FOLLOWED* 

I NCW  | 

AUTOMOTIVE  FUELS  {COMPARATIVE  EVALUAT I  0*6(0  USEL  ENGINES! 

economics (Electric -power to  vehiclesienergv {engines:  ta.os: 
feasibility  stud ics {forecast ing:  oasfuel  cellssgas  turbines:  t*i 
hydrogen; internal  combustion  engines:  ti ; methanol (reviews; 

STRATIFIED  CHARGE  ENGINES!  T  3  5  SYNT  He.  T  I C  FUELS  {TECHNOLOGY 

assessment:  oi *02*03; technology  utilization; vehicles:  ts 

G-133  ACCS**  1  OH  NO.  T«C004b300 

T1TLC IMONOI  tu  TUHBIWI  FMU  ST  tot.  10  FUELS 
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CQMHUSUUN  POWER  CO..  INC.*  1346  wlLLOw  RD.»  MENLO  PARK*  CA. 
INTERNA  I IUNAL  TOTAL  ENERGY  CONGRESS 
C1A>ENHA6LN*  LENMARK 
A  OCT  1976 

COMBUSTION  POWER  CO.*  INC**  MENLO  PARK*  CA 
IV7L 

lU>-milAUMig3ii!00l06  iOl  A  000 

£lftJ-20Ul  64 

STEADILY  INCREASING  ENERGY  REQUIREMENTS  HAVE  SPURRED  A  SEARCH 
FOR  NEW  METHODS  OF  GENERATING  ENERGY  FROM  LOW-COST*  ABUNDANT 
FUELS.  T#fc  DEVELOPMENT  OF  A  GAS— T ORB I NE  SYSTEM  EQUIPPED  FOR  THE 
DIRECT  COMBUSTION  OF  SUCH  FUELS  IS  NOW  UNDERWAY  IN  TmE  U.S.  A 
OtC-MtGA»*TT  PlLOl  PLANT  HAS  oEEN  UPcRAl  JNG  FOR  OVER  A  YEAR. 
USING  A  FLUIDIZED  BED  TO  BURN  COAL.  THE  PLANT  HAS  ALSO  OPERATED 
ON  »JUu  WASTE  AND  municipal  SOLID  waste  as  fuels.  METHODS  HAVE 
BEEN  uL  VE. LOPED  FOR  THE  SUPPRESSION  OF  NOXIOUS  GASES  INCLUDED 
AMJNG  THE  COMBUSTION  PRODUCTS*  BUT  THERE  REMAIN  SOME  PROBLEMS 
WITH  THE  REMOVAL  OF*  PARTICULATE  MATTER  FROM  THE  EXHAUST  GAS 
PRIOR  TO  ITS  ENTRY  INTO  THE  TURBINE.  A  NEW  HIGH— TEMPERATURE 
FILTER  IS  BEING  INSTALLED  TO  ALLEVIATE  THESE.  A  DESCRIPTION  OF 
THE  ONE -MEGAWATT  PILOT  PLANT  IS  PROVIOEU*  ALONG  WITH  A 
DISCUSSION  OF  OPERATIONAL  RESULTS  AND  MECHANICAL  PROBLEMS  AND 
THE  IR  SOLUTIIMS.  A  PkELIMINARY  DESIGN  FOR  A  FULL-SCALE  PLANT  IS 
INCLUDED. 

AIR  POLLUT ION  CONTROL  SCO AL :  T2 I COMBUST  ION  PRODUCT SS CONTROL 

systems; ocs  11*1  ;eros ion:  c*>;f ilters$fluid!2Ed-d£0  combustion:  02 

FLUJDlZtO-BED  COMBUSTORS:  T5.U1  SFOSSIL-FUEL  POwER  PLANTS:  T|; 
GAS  TURblNES:  16.01 (MATERIALS  HAMDL INu (OPERA T I ON ; PERFORMANCE i 
0S*U6;P1L0T  PLANTS; SOLID  wasies;woud  WASTES 
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HEAT  EXCHANGERS  IN  GAS  TURBINE  POWER  PLANTS 
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GAS  TURBINE  POWER  PLANTS  AS  STATIONS  FOR  PEAK  OEM  A  NO  CAN  BE 
CONSTRUCTED  VERY  DIFFERENTLY.  FOR  ALL  THESE  PLANTS.  HOWEVER,  IT 
IS  REQUIRED  TO  HAVE  A  SHORT  START-UP  TIME*  A  HIGH  OPERATIONAL 
SAFETY  AND  A  LOW  OPERATING  EXPENDITURE*  THOSE  SWITCHING 
POSSIBILITIES  AND  TECHNIQUES  THAT  ARE  INTERESTING  IN  THE  CASE 
OF  USING  THE  WASTE  GAS  HEAT  FROM  THE  GAS  TURBINE  PROCESS  ARE 
DEMONSTRATED* 

gas  turbines:  T2*ui;meat  exchangers; he at  recovery  equipment; 
operation:  02; safety ;st art -up:  02; thermal  power  plants:  tis 
WASTE  HEAT;wA6TE  heat  utilization:  01 
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CERAMIC  TECHNOLOGY  RE  AO  1  NESS  (CRT)  PROGRAM*  EXECUTIVE  SUMMARY 
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THIS  REPORT  PRESENTS  THE  RESULTS  OF  THE  CONCEPTUAL  DESIGN  STUDY 
ON  THE  DOE  SPONSORED  CERAMIC  TECHNOLOGY  READINESS  ICTR) 

PROGRAM*  THE  CTR  PROGRAM  IS  INTENDED  TO  COMPLEMENT  THE  HIGH 
TEMPERATURE  TURBINE  TECHNOLOGY  ( HTTT )  PROGRAM*  PC*  BOTH 
PROGRAMS*  THE  OVERALL  OBJECTIVES  ARE  TO  INCREASE  THE  EFFICIENCY 
OF  UTIL1TV-SUC  GAS  TURBINES  BY  INCREASING  THE  TURBINE  INLET 
TEMPERATURE  (TO  26004SUP  OSF  AS  A  GOAL)  AND  TO  OPERATE  WITH 
COAL-UERIVED  fuels*  in  the  htti  program*  the  temperature 
INCREASE  IS  OBTAINED  THROUGH  THE  USE  OF  ADVANCED  COOLING 
TECHNIQUES  WITH  METALLIC  MATED IALSI  IN  THE  CTR  PROGRAM*  THE 
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TIABINES  ARC  TO  BE  MADE  OF  ADVANCED  CERAMIC  MATERIALS  SO  THAT 

t*c  blades  an>  vanes  can  operate  uncooled,  large  fuel  savings 

ARE  PUSSIHLE  IF  EITHER  OF  THESE  ADVANCED  TECHNOLOGIES  CAN  BE 
INTRODUCED  INTO  COMNERCIAL  POWER  GENERATION  PRACTICE.  FDR 
EXAMPLE  •  THE  BEST  INSTALLED  FOSSIL  STEAM  SYSTEMS  HAVE  A  THERMAL 
EFFICIENCY  OF  M  PERCENT  WHEN  THE  SYSTEM  IS  OPERATED  ON  AN 
E NV i RON MLN TALLY  CLEAN  FUEL  SUCH  AS  NATURAL  GAS  OR  LOW  SULFUR 
OIL.  IF  THIS  COULD  BE  RAISED  TO  ABOVE  SO  PERCENT  THROUGH  THE 
USE  OF  CUMblMiD  GAS  TuRB  INE/STEAM  CYCLES  OPERATING  AT  PEAK 
CYCLE  TEMPERATURES  OF  APPROXIMATELY  ESGGASUP  OSF.  FUEL  USAGE 
COULD  BE  REDUCED  BY  MORE  THAN  ES  PERCENT .  ANNUAL  FUEL  COST 
SAVINGS  OF  HIM  OR  EDS  OF  MILLIONS  OF  DOLLARS  WOULD  RESULT.  THUS. 
TFE  MAJOR  OBJECTIVE  FOR  THE  CTR  PROGRAM  IS  TO  DEVELOP  CERAMIC 
FABRICATION  AND  DESIGN  TECHNOLOGY  NHICH  MILL  YIELD  LONG  LIFE. 
HOT  SECTION  COMPONENTS  FOR  ADVANCED  UTILITY  GAS  TUHblNES.  THIS 
REPOMT  SUMMARIZES  THREE  HICAT  CONCEPTUAL  DESIGNS.  EACH  OF  WHICH 
IS  INTEGRAIEU  Ml  THIN  A  COMPLETE  POMER  PLANT  CONF I  CURAT  I ONTHAT 
INCLUDES  A  LCHGI  COAL  GASIFICATION  PLANT.  THE  HlCAT  GAS 
1 URSINE •  AND  A  SIEAM  COMblNED  CYCLE. 

CERAMICS!  T  I  COAL  LI  GUIUS  ICONS  1  NED -CYCLE  POWER  PLANTS!  Til 
OESIGN!  UZ  I  FOSSIL-FUEL  POWER  PLANT  Si  GAS  TUMbINLS!  TS.OliLOW  BTU 

gasimateri als:  o? i thermal  efficienct 
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UTILIZATION 
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3.  CONFERENCE  ON  MATERIALS  FOR  COAL  CONVERSION  AND  UTILIZATION 
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IN  MANY  ADVANCED  SYSTEMS  ASSOCIATED  MITH  THE  UTILITY  INDUSTRY. 
Tl*  PERFORMANCE  OF  THE  SYSTEM  IS  HIGHLY  LIMITED  BT  TEMPERATURES 
ACHIEVAbLE  MITH  CURRENT  It  I  ALL  1C  COMPONENTS.  THE  USE  OF  CERAMIC 
ELEMENTS  Fur  some  OF  lHE  CRITICAL  COMPONENTS  OFTEN  CAN  permit 
AN  INCREASE  W  IOOOSSUP  OAF  IN  OPERA I  IMG  TEMPERATURE  AND  RESULT 
IN  IMPROVED  PERFORMANCE.  TVPICAL  APPLICATIONS  INCLUDE  DIRECT 
AND  INDIRECT  FIRED  GAS  TURBINE  ENGINE  SYSTEMS. 
ULTRA-HIGH-TEMPERATUHE  SOLAR  RECEIVERS.  COAL  GASIFICATION 
PLANTS.  AND  HIGH -TEMPERATURE  HEAT  RECDVERY/CUGENERAT  ION 
INSTALLATIONS.  CERAMICS  MAY  BE  BENEFICIAL  WHEREVER  HIGHER 
TEMPERATURES  PROVIDE  EFFICIENCY  OR  PROCESS  ADVAN1  AGES.  THE 
ELECTRIC  POWER  RESEARCH  INSTITUTE  IEPRII  RECOGNIZED  THE 
POTENTIAL  OF  CERAMIC  MATERIALS  APPLIED  TO  ADVANCED  UTILITY 
SYSTEMS  AND  INITIATED  SEVERAL  PROGRAMS  DIRECTED  TO  THE 
DEVELOPMENT  OF  SUCH  SYSTEMS.  IN  ADDITION  TO  TnE  DESIGN  STUOV. 

an  Extensive  effort  was  undertaken  in  the  areas  of  ceramic 
materials  chmacterizatiun,  fabrication  TECHNIDUES.  and  testing 
TO  DEVELOP  the  technology  base  FDR  SUCH  A  HEAT  EXCHANGER.  A 
SMALL  CERAMIC  Ft  AT  LXCHANGER  MODULE,  INCORPORATING  MANY  OF  THE 
DESIGN  FEATURES  OF  THE  FULL-SCALE  MEAT  EXCHANGER.  WAS 
DEVELOP LD «  FABRICATED.  AND  TESTED  AT  MATERIAL  TEMPERATURES  UP 
TO  T3GUSWJP  RAF.  AS  A  FOLLOW-ON  PROGRAM.  EPR1  REDIRECTED  THE 
EFFORT  TD  CONCENTRATE  ON  THE  ESTABLISHMENT  OF  THE  OESIGN 
PHILOSOPHY.  MATERIAL  DATA  BASE.  AND  FABRICATION  TECHNOLOGY 
REQUIRED  FOR  SUCCESSFUL  UTILIZATION  OF  CERAMIC  HEAT  EXCHANGERS. 
THE  OVERALL  PROGRAM  PLAN  FOR  THE  CURRENT  EFFORT  IS  DESCRIBED. 
CERAMICS!  TSICOAL  GASIFICATION  PLANT  SIF  ABRICAT I  ON  !  QZiGAS 
KABINtSiHt  AT  EXCHANGERS!  THREAT  RECOVERY  (MATERIALS:  Oil 
MATERIALS  TESTINGI  01  {SILICON  CARBIDES 
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EVALUATION  OF  PERFORMANCE  OF  THERMAL  BARRIER  COATINGS  UNDER  GAS 
TWBINE  CONDITIONS 
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OVERALL  OBJECTIVE  OF  THIS  PROGRAM  MAS  TO  ASSESS  AND 
EVALUATE  A  CONTEMPORARY  THERMAL  bARRIER  COATING  ( TbC >  FOR 
CORROSION  RESISTANCE*  PARTICULARLY  10  PE TROLEUM-FUEL-F 1RE0  GAS 
TuRulNL  COMBUSTION  PRODUCTS  AS  MIGHT  bl  EXPERIENCED  IN 
INuUbT R I AL  TURBINE  SERVICE*  TbC*S  IS  A  RELATIVELY  NE" 

HCmNulUGY  FuM  GAS  TURBINS  iH I CH  INVOLVES  COATING  A  METAL 
Sub:*  Ik  ATt  WITH  A  LOWER  THERMAL  CONDUCTIVITY*  but  REFRACTORY 
CERAMIC  MATERIAL*  THE  MAJOR  OBJECTIVE  IS  REDUCTION  OF  THE  GAS 
S THE AM -TO -METAL  SUBSTRATE  HEAT  FLUX*  BENEFITS  OBTAINED  CAN  BE 
LOWER  METAL  TEMPERATURES*  LOWER  THERMAL  STRESSES  IN  THE 
SUBSTRATE*  HIGHER  OX 10A 1 ION/CORROS ION  RESISTANCE*  AND  REDUCED 
RtOUlRcMENTS  FOR  COOLANT  FLOW  OR  LESS  COMPLEX  COOLING 
CONDITIONS*  TBC*  6  HAS  AN  IMPRESSIVE  HISTORY  OF  SUCCESSFUL 
PERFORMANCE  IN  CLEAN  FUEL  COMBUSTION  ENVIRONMENTS  AND  OXIDIZING 
CONDITIONS  OF  AIRCRAFT  ENGINES*  TWO  MAJOR  TASKS  WERE 

ESTABLISHED:  prediction  of  corrosive  condensates  ANO  corrosion 
TESTING  i crucible  test*  sprayed  salt  test*  small  burner  rig 
TEST)*  SPALLATION  OF  YT  Tk  I A-ST  ABlL  UCD  2IRCOMA  TBC  ON 
N ICHAL  V— COA T  ED  IN  738  OCCURRED  IN  630  HOURS  IN  A  HOT  CORROSION 
ENVIRONMENT  AT  I0OO4SUP  OSF *  SULFIDATION  OF  THc  IN  73b 
SUBSTRATE  MATERIAL  TOOK  PLACt  IN  THE  HOT  CORROSION  TESTS  WITH 
Ttt  TbC  INTACT  OUE  TO  PERMEATION  OF  THE  POROUS  CERAMIC  BY 
NASSUF  2 4 SOX sub  #4*  IN  SMALL  BURNER  CORROSION  TESTS*  THE 
SPALLING  OF  V4SUB  2 404 SOb  34-ST Ab I L I ZED  ZR04SUL  24  THERMAL 
toAMHltR  COATINGS  IS  CAUSED  bY  MECHANICAL  STRESS  DAMAGE  DUE  TO 
The  DIFFERENCE  IN  THt«MXL  EXPANSION  OF  The  NA4SUB  24SD4SUb  44 
UEPUSIT  IN  1*C  PORES  OF  THE  ZRD4SUB  24*  THE  COMPOSITION  OF 
CUNDcNS Alt  FK)M  COAL  LIQUIDS  AND  FROM  A  PETROLEUM  DISTILLATE  IS 
LISTED*  DISC  SPECIMENS  PERFORMED  SATISFACTORILY  IN  OXlOAtlON 
TESTING  IN  T)€  SMALL  BUR»£ft  TEST  EUUlPMENl* 
coat ings$lork)SIon;gas  turbines:  ti .mater ials:  oismaterials 
testing:  02  $Hi  ROSltY ISOO 1UM  SULFATES; THERMAL  SHIELDS:  T2.0IS 
YTTRIUM  OXIDES (ZIRCONIUM  OXIDES 
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PRESENT  GAS  TURBINES  MUST  OPERATE  WITH  HIGH  GRADE  FUELS  TO 
AVOID  DAMAGE  WHEN  THE  COMBUSTION  GASES  ARE  EXPANDED  THROUGH  THE 
TURBINE.  LOW  GRADE  FUELS  INCLUDING  COAL  CAN  BE  USED  IF  THE 
TU9B1NL  IS  FIRED  INDIRECTLY  BY  TRANSFER  OF  HEAT  FROM  THE 
COMBUSTION  GASES  TO  THE  COMPRESSOR  AIR  BY  MEANS  OF  A  HEAT 
EXCHANGER.  TrC  NEW.  SILICON-BASE  CERAMICS  APPEAR  TO  bC  THE  ONLY 
MATERIALS  AbLE  TU  PROVIDE  THE  STRENGTH  AT  TEMPERATURE*  EROSION 
AND  CORROSION  RESISTANCE.  AND  THERMAL  SHOCK  RESISTANCE  REUUIRED 
IN  THE  TUBES  OF  THIS  HEAT  EXCHANGER.  THE  MATERIALS  EVALUATION 
INCLUDES  ENVIRONMENTAL  STUDIES  ON  TUBES  AND  JOINTS  UP  TO 
2S00SSUP  OAF  IN  TYPICAL  QDNBUStlON  ATMOSPHERES  FUR  UP  TO  1000 
HOURS.  STRENGTH.  STRENGTH  DISTRIBUTION  AND  GAS  PERMEABILITY  ARE 
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ALSO  BE  IRC  MEASURED*  ME  AT— UP  AND  SHUT-DOWN  OF  A  LARGE  HEAT 
EXCHANGER  aRL  RE COGNIZED  TO  EE  REV  PROBLEMS*  ONE  SOLUTION  IS  10 
INCORPORATE  fCLAXING  JOINTS  IN  WHICH  A  VISCOUS*  GLASS-BASE 
ADHESIVE  PERMITS  MOVEMENT  TO  LIMIT  PEAK  STRESSES*  AOAP1A1 ION  OF 
THIS  APPROACH  FOR  HEAT  EXCHANGERS  WAS  STUDIED* 

CERAMICSSGAS  TkNblNtSSHE AT  EXCHANGERS:  T 1 S MATER I ALS S MATER I ALS 

testing:  gi s tubes; very  high  temperature 
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MATERIALS  AND  PROCESS  DEVELOPMENT  FOR  THE  WATER-COOLED  GAS 
TURBINE  HIGH  TEMPERATURE  TURBINE  TECHNOLOGY  PROGRAM 
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A  DETAILED  STUDY  of  CANDIDATE  COPPER  ALLOYS  FOR  THE  NOZZLE 
APPLICATION  ms  BEEN  COMPLETED*  MECHANICAL  PROPERTY 
DETERMINATION*  WERE  CONDUCTED  ON  ALLOYS  WHICH  HAD  UNDERGONE  THE 
THERMAL  EXPOSURE  WHICH  IS  REUU1RLD  FOR  FABRICATION  OF  THE  PART* 
THIS  CYCLE  CCHSISTS  OF  EXPOSURES  OF  UP  TO  VS 0 A SUP  OSC  FOR  2 
HOURS  WHICH  IS  EXTREMELY  SEVERE  FOR  COPPER  ALLOYS*  TWO  COPPER 
MATERIALS  HA  YE  BEEN  CHOSEN :  CU— MZC*  A  COMMERCIAL  WROUGHT 
COPPER  ALLOY*  AND  A  POWDER  METALLURGY  VERSION  OF  MZC*  THE 
WROUGHT  ALLOY  WILL  BE  UTILIZED  FOR  THE  COPPER  AIRFOIL  SECTION 
WHILE  THE  P/M  ALLOY  WILL  BE  USEO  FOR  EIO-WALL  FAUNICATION* 
DIFFUSION  BOIOING  STUDIES  HAVE  IDENTIFIED  THE  NEED  FOR  A  NICKEL 
INTEHLAYLR  TO  PROVIDE  M I  GROSlRUCTuRALLV  CLEAN  DIFFUSION  BONDED 
JOINTS  AT  Tht  COPPER/SPAR.  COPPtR/TUuE  AND  COPPER/SxlN 
INTERFACES*  THE  COMPOSITE  FABRICATION  EFFORT  IS  SUPPORTED  BY  A 
SUBSTANTIAL  NJN-OC  STRUCT |VE  EVALUATION  EFFORT  WHOSE  GOAL  IS  TO 
DEVELOP  IHE  CAPABILITY  TO  SUCCESSFULLY  INTERROGATE  THE 
AS-bONDED  C0*>U*ITE  PRIMARILY  DV  IMMERSION  ULTRASONICS*  ALLOY 
7IB  HAS  BEEN  SELECTED  AS  THE  PRIME  MATERIAL  FOR  ALL  MONOLITHIC 
WATER-COOLED  COMPONENTS*  THIS  ALLOY  WILL  BE  USEO  IN  BOTH  THE 
CAST  AND  FOROED  CONDITIONS*  HOT  ISOSTATIC  PRESSING  OF  THE 
AS-CAST  PARTS  NAS  BEEN  DEMONSTRATED  TO  PROVIDE  BENEFITS  IN 
CASTING  HOMOGENIZAT ION*  REDUCED  MECHANICAL  PROPERTY  SCATTER* 
IMPROVE D  WELDABILITY  AND  MACHlNAblLl T  V  *  THE  HIGH  THERMAL  AND 
MECHANICAL  STRESSES  IN  T>CSE  COMPONENTS  COUPLED  WITH  AN  AQUEOUS 
ENVIRONMENT  NAVE  CAUSED  CONCERN  FOR  POTENTIAL  STRESS-CORROSION 
CRACKING*  A  FACILITY  FOR  SCREENING  MATERIALS  AT  THESE 
CONDITIONS  BY  CONSTANT  EXTENSION  NATE  TESTING  IN  A  PRESSURIZED 
WATER  ENVIRONMENT  HAS  RECENTLY  BEEN  COMPLETED*  TO  DATE*  NO 
EVIDENCE  OF  ENVIRONMENTALLY  1NOUCED  INTERGRANULAR  FAILURE  HAS 
BEEN  OBSERVED* 

CUOLINGI  OUCOPPER  ALLOY SIFABRI CAT  ion; GAS  TURblNES:  ti;hot 
pressim»;matem!als; materials  testing:  diimechanical  properties; 

STRESS  CORROSION; WATER 
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3*  CONFERENCE  ON  MATERIALS  FOR  COAL  CONVERSION  AND  UTILIZATION 
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THE.  PRIMARY  OBJECTIVES  OK  THIS  PROCRAM  ARE  S  10  EVALUATE  THE 
fcfFLCT  OK  COAL  DERIVED  PUEL  COMbUSTlON  ON  THE  CORROSION  OP 
TUkbINt  AND  ALLOY  COAT  INC S  AND  TO  DEVELOP  A  LIFE  PREDICTION 
MODEL  FDR  MATERIALS  EXPOSED  TO  COMBUST  ION  PRODUCTS  OF 
COAL-DERIVED  FUELS  AND  CORRELATE  THIS  MODEL  Ml  In  A  CORROSION 
DATA  toASL#  TFE  PROGRAM  IS  DIVIDED  INTO  THREE  MAJOh  AREAS:  THE 
PUEL  CORROSIVITY  PREDICTION  TASK  USES  STATISTICALLY-DESIGNED* 
MULT  I VARIABLE*  DOPED -PUEL  BURNER  RIC  TESTS  TO  DETERMINE  THE 
EFFECT  OF  TEMPERATURE*  NA*  K  •  MG*  CA  *  A  NO  CL*  AND  THEIR 
INTERACTIONS  ON  THE  CORROSION  OF  SEVERAL  CAST  SUPERALLOYS*  THE 
DEPOSITION  AM)  FOULING  TASK  INVOLVES  USING  A  CHEMICAL 
E0U1LIBR1UM  COMPUTER  PROGRAM  TO  PREDICT  THE  COMPOSITIONS  AND 
DEM  POINTS  OF  DEPOSITS  FORMED  FROM  THE  COMBUSTION  OF 
COAL-DERIVED  FUEL*  THE  TFfcRMAL  BARRIER  COATING  TASK  IS  DESIGNED 
TO  EVALUATE  X t  RESISTANCE  OP  CURRENT  AND  ADVANCED  THERMAL 
BARRIER  COATINGS  TO  THE  COMBUSTION  PRODUCTS  OF  COAL-DERIVED 
FUELS*  THIS  TASK  IS  ALSO  DESIGNED  TO  DETERMINE  The  FAILURE 
MECHANISMS  OF  SUCH  COATING  SYSTEMS* 

COAL  L I OUIDSSCOA T1NGSS COMBUST  I ON  PRODUCTS! COOL  I NG (CORROS IONS 
CORPUS I  UN  RE SI  STANCE (CORROSIVE  EFFECTS SOEPDS I TS (FORECAST ING( 

fouling.fuel  gas;gas  turbines:  tkheat  transferimaterials:  ok 
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THIRD  ANNUAL  CONFERENCE  CM  MATERIALS  FOR  COAL  CONVERSION  AND 
UTILIZATION 
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3.  CONFERENCE  ON  MATERIALS  FUN  COAL  CONVERSION  AND  UTILIZATION 
GA1 TmERSoURG.  MD*  USA 
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iPfe  OBJECTIVE  OF  THIS  PRUGRAM  IS  TO  DEVELOP*  TO  A  TECHNOLOGY 
READINESS  LEVEL*  THE  TURulNE  SUB-SECTION  OF  GAS  TURBINE* 

CAPABLE  OF  OPERATION:  ON  LOM  BTU  COAL-GAS  FUEL  AND  AT  TURBINE 
INLET  TEMPERATURES  OF  2600  TO  300GASUP  OAF.  COMBUSTED* 

COAL -DERIVED  LOM  BTU  FUEL  GAS  ENTERING  THE  TURBINE  SECTION*  IN 
AOOITION  TO  ITS  VERY  HIGH  TEMPERATURES*  MAY  CONTAIN  PARTICLES 
OF  FLY  ASH*  CHAR.  TARS*  OUST  AND  UTneR  CONSTITUENTS.  SUCH  AS 
ALKALI  METAL  SALTS*  MHlCH  CAN  CAUSE  RAPID  DEGRADATION  IN  BLADE 
AND  VANE  PERFORMANCE  ANO  DURABILITY*  DEGRADATION  OF  THE  TURBINE 
CAN  OCCUR  BY  FOUR  MAJOR  1C  CHAN | SMS S  GAS  TEMPERATURES  ABOVE  THE 
MELTING  POINT  OF  THE  ALLOYS*  HOT  CORROSION*  EROSION*  AND 
DEPOSITION*  10  OVERCOME  THESE  PROBLEMS  COOLING/PROTECT  ION 
CONCEPTS  FOR  TlftBlNE  BLADES  AND  VANES  SHOULO  BE  ABLE  TO 
ACCOMPLISH  THE  folloming:  keep  metal  temperatures  IN  a  RANGE 
THAT  MILL  ENSURE  AOtOUATE  Ll#*>  TIME  STRUCTURAL  STABILITY* 
PROVIDE  A  BOlMUAHY  LAVER  BETmEEN  THE  METAL  SURFACE  AND  THE 
HOT  — gASLS  TO  PREVENT  DEPOSITION  UR  IMPINGEMENT  OF  PARTICULATE 
AN)  CONDI NSltt.ES*  AND  ALLOM  FOR  FABRICATION  FROM 
STATE-OF-THE-ART  MATERIALS  AND  PROCESSES*  AMONG  THE  MAJOR 
ACCOMPLISHMENTS:  CONCEPTUAL  DESIGNS  OF  AN  INTEGRATED  LOW  BTU 
COAL  GAS  FUELED  COMMERCIAL  ELECTRIC  POWER  GENERATION  PLANT; 
PRELIMINARY  LESIONS  OF  A  BAS  TURBINE— STEAM  TURBINE  C0MB1NE0 
CYCLE  SYSTEM;  AND  PRELIMINARY  DESIGNS  OF  A  3000ASUP  OAF  TURBINE 

sub-system  using  transp  I  rat  i  on-air -cooling  as  the 

COOL  I NG /TROT  EC  T I  UN  CONCEPT  FOR  BLADES  AND  VANES* 
TRANSPIRATION-AIR-COOLING  MAS  SELECTED  AS  THE  CONCEPT  MHlCH 
OFFERED  JOCOtSUP  OAF  TURBINE  INLET  TEMPERATURE  CAPABILITY 
COMBINED  WITH  THE  HEAT  COMBINATION  OK  CYCLE  PERFORMANCE* 
RELIABILITY*  F ABMJCA01L!  TV  FROM  STATE-OF-THE-ART  MATERIALS  AND 
PROCESSES*  AK>  POTENTIAL  FOR  EARLY  COMMERCIALIZATION*  THE  KEY 
ELEMENT  IN  TtC  DESIGN  IS  THE  POROUS  METAL  WHICH  FORMS  THE 
AIRFOIL*  SINTERED  MIRE  MESH  PROVIDES  THE  OPTIMUM  COMBINATION  OF 
POROSITY  CONTROL*  FA6RICAB IL ItY  INTO  AIRFOIL  SHAPES*  ANO 
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This  stuov  is  intended  to  serve  the  dual  purpose  of  developing 

A  FUNDAMENTAL  UNDERSTANDING  OP  HOT  CORROSION  PROCESSES  AND  OF 
PROVIDING  DATA  ESSENTIAL  IN  THE  DESIGN  AND  SELECTION  OF  ALLOYS 
PCM  USE  IN  T CM  BINES  USING  GASIFIED  COAL  AS  FUEL.  THE  AVAILABLE 
THERMO  CHEMICAL  DATA  FOR  SPECIES  IN  THE  METAL — SULFUR  OXYGEN  AND 
METAL — CARBON  OXYGEN  SYSTEMS  OP  INTEREST  IN  THE  STUDY  HAVE  BEEN 
REVIEWED!  ANO  LUG  P/SUB  SSSUO  24/  VS  LOG  P/SUB  OSSUB  24/ 
CONDENSED  PHASE  STABILITY  DIAGRAMS  HAVE  BEEN  CONSTRUCTED  FOR 
THE  TEMPERATCME  INTERVAL  I  ISV  TO  I4S04SUP  04K  FOR  THE  METALS 
AL.  CA.  CO*  CD.  K*  MG.  HD.  NA.  Nl.  SI.  Tl.  V  ANO  V  ANu  LOG 
A/SUB  C /  VS  LOG  P/SUB  OSSUB  fcS/  DIAGRAMS  FOR  THE  METALS  AL.  CA. 
CR.  ft .  MG.  m .  MO.  NA.  SI.  Tl.  V.  ANO  •.  THE  THERKOCMEMICAL 
data  FUR  THE  VAPOR  SPECIES  IN  SELECTED  metal — OXYGEN  AND 

METAL - SULFUR  STSTENS  HAVE  BEEN  CARRIED  OUT!  AND  VAPOR  SPECIES 

DIAGRAMS  (LOG  P//SUB  NO/ /SUB  X//  VS  LOG  P/SUb  OSSUB  24/  ANO  LOG 

P//SUB  Ms//sub  v//  vs  log  p/sub  sssub  es/i  have  been  prepared 
FOR  THE  METALLIC  ELEMENTS  MENTIONED  PREVIOUSLY.  ELECTROCHEMICAL 
CELL  MEASUREMENTS  OF  THE  OXIDE  ION  CONCENTRATION  IN  NA4SUB 
94S04SUB  4S  HAVE  BEEN  MADE  FOR  VARIOUS  ADO  IT  IVES  SUCH  AS  K4SUB 
24SOSSUG  *4.  SI04SUB  24.  TI04SUB  24.  C.  AMD  MGO.  NOT  CORROSIUN 
HAS  BEEN  STUDIED  IN  THE  TEMPERATURE  RANGE  IIBG  TO  I3S0SSUP  OVK 
FOR  PURE  Nl  ANO  CO.  LABORATORY  Nl-  AND  CO-BASE  ALLOYS  ANO 
SEVERAL  COMMERCIAL  ALLOTS  WHEN  DEPOSITS  OF  KSSUL  24S04SUB  44. 
CAS 04 SUM  44.  OR  NAS SUB  24SOSSUB  44  MODIFIED  WITH  SEVERAL 
ADDITIVES  WEtC  PRESENT.  THE  RESULTS  (HUS  FAR  HAVE  INDICATED 
THAI  ALLUV  CIMPOS I T  IONS  CONSISTENT  WITH  HIGH  STRENGTH  IE.G.. 
THOSE  CONI  AIMING  Tl  FOR  PRECIPITATION  HARDENING  ANO  REFRACTORY 
METALS  FUR  SOLID  SOLUTION  STRENGTHENING!  NAT  NOT  ME  COMPATIBLE 
WITH  THE  RANGE  OF  HOT  CORROSION  CONDITIONS  LIKELY  TO  BE  FOUND 
IN  TUmBINES  (URNING  GASIFIED  COAL.  THE  USE  OF  COATINGS  FOR  HOT 
CORROSION  RESISTANCE  MAV  BE  ESSENTIAL. 

COAL  GASIFICAT IONICORROS ION S CORROS 1 VE  EFFECTS:  Gl .G2IDEP0SITSI 
flue  gas:  me  Fluidized  bldifuel  gas:  miigas  turbines:  msilow 

BTU  GAS  (MAT  ERI  AES:  G3  .MATER  I  AES  TESTING:  09;PMASE  STABILITY! 
PHASE  ST  UO  IE  SI  PROTECTIVE  COAT  INGS  l  SODIUM  SULFA  TEST  SULFATES 
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ABSTRACT  REL  A  T  I  VEL  V  SHORT  TESTS,  »1tR£IN  CO AL-OER  1  VED  GAS  A  NO  LIQUID 

FUELS  rlAVc  buN  COMBUSTED.  SUGGEST  THAT  EROSION  OR  FOULING  HILL 
NU1  Hfc  A  PkOULEM  ft  1  T H  FUELS  OF  RE  A  SONAbL V  ACHIEVABLE  ASH 
LEVELS*  HOWEVER.  HOT  CORROSION  A1  TACK  bY  ALKALIS  IN  THE  FUEL 
MAY  WELL  bE  SEEN  EVEN  WITH  EXTENSIVE  FUEL  CLEANING*  THE  NEED 
FOR  MATERIALS  WITH  GOOO  HOT  CORROSION  RESISTANCE  IS  APPARENT. 
TH.  Ot VL  LOP MEN  T  OF  HIGH  TEMPERATURE  TURBINE  COMPONENTS  TO 
OPERATE  II.  1  »t  COMBUST  IUN  PRODUCTS  OF  COAL-DERIVED  FUELS  MAY 
HELL  INCUR  SERIOUS  DRAWBACKS  FROM  FOULING  AND  CONSEQUENT 
COOLING  SYSTEMS  PLUGGING  WHILE  CONCURRENTLY  AVOIDING  HOT 
CORROSION  bY  MEANS  OF  REDUCED  METAL  TEMPERATURES.  THE  USE  OF 
POWER  RECOVERY  TURBINES  PRESENTS  SEVERE  PROBLEMS  BOTH  FROM  THE 
STANDPOINT  OF  EROSION  AND  CORROSION  ATTACK.  PAST  EXPERIENCE 

suggests  that  fouling  may  be  a  problem  in  these  applications. 

SEVERAL  SIGNIFICANT  RESEARCH  NEEDS  AmE  APPARENT  FOR  TukblNE 
MATERIAL^.  IK:  NATURE  OF  THE  ATMOSPHERE  AND  DEPOSITS  TO  bE 
EXPLCTtU  uY  ThE  COMBUSTION  OF  SYNTHETIC  FUELS  AND  COAL  DIRECTLY 
IN  A  PFb  REQUIRES  IDENTIFICATION.  PARTICULARLY  AS  A  FUNCTION  OF 
PROCESS  PARAMETERS.  bECAUSE  OF  COST.  EFFICIENCY  CONSIDERATIONS 
AND  RELIABILITY  OF  HOT  GAS  PARTICULATE  CLEANUP  SYSTEMS.  THE 
TOLERANCL  OF  TURblNE  COMPONENTS  TO  EROSIVE  CONDITIONS.  WITH 
SPECIAL  REGARD  1U  TOLERANCE  FOR  UPSEI  CONDITIONS  NEEDS  TO  b£ 
DETERKINLO.  THIS  should  encompass  The  development  OF  COATINGS 
and  claddings  for  erosion  as  well  as  corrosion  resistance. 
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SIMULATION  OF  THE  PRESSURIZED  FLU I DIZED-BEO  CONDITIONS  IN  THE 
ONE  ATMUSPHEIC  SMALL  BURNER  RIG  HAS  EVOLVED  TO  A  SIGNIFICANT 
EXTENT  UNOER  THIS  PROGRAM.  A  COMBINATION  OF  CORROSION  TESTING. 
SPECIMEN  AND  DEPOSIT  ANALYSIS.  AND  THERMOCHLMICAL  MODELING  HAS 
BEEN  USED  TO  DEVELOP  A  MEANINGFUL  SIMULATION  TEST.  OVER  4000 
HOURS  OF  SMALL  BURNER  RIG  TESTING  HAS  ACCUMULATED  IN  EVALUAT ING 
THL  SELECTED  MATERIALS  AND  DEVELOPING  THE  PF bC  SIMULATION 
TESTS.  THE  ALKALI  METAL  CONTAMINANTS  ARE  ADDED  TO  THE  FUEL  VIA 

oil  soluble  na  sulfunate  and  a  dispersed  aqueous  solution  of  k 

SULFONATE.  TARGET  LEVELS  ARE  1000  PPM  EACH  OF  NA  AND  K  |N  THE 
FUEL.  CHLORIC  IS  ADDED  TO  THE  INLET  AIR  AS  40  PPM  HCL.  THE 

result  of  combustion  with  these  contaminants  present  is  an 
alkali  sulfate  deposit  with  o.oi  to  o.i*  chloride  on  the  alloy 
specimens,  analyses  have  shown  that  the  composition  of  the 
deposit  and  The  flux  of  oeposit  onto  the  specimens  APPROXIMATE 
that  expected  in  a  turbine  In  line  with  a  pfbc.  corrosion  on 
specimens  in  this  test  vill  be  compared  to  that  occurring  on 
IK  same  materials  exposed  in  an  actual  PF  bC .  specimens  of  the 

SAME  FOUR  MATERIALS  BE  I  Nv»  TESTED  IN  THE  SMALL  BURNER  TEST  ARE 
BEING  EVALUATED  JN  ThE  TUtBINE  TEST  SECTION  WHICH  WAS  DESIGNED 
AND  FABRICATED  bY  G.C .  AND  INSTALLED  AT  THE  EXXON  MlNlPLANT.  A 
100  HOUR  SHAKEDOWN  TEST  AND  2S0  HOURS  OF  THE  1000  HOUR  TEST 
HAVE  bEEN  COMPLETED.  THE  TURBINE  TEST  SECTION  OPERATED 
SUCCESSFULLY  AT  ITS  RATED  DESIGN  CONDITIONS.  SPECIMENS  OF  U700 
ALLOY  FROM  1MC  100  HOUR  SHAKEDOWN  TEST  WERE  EXAMINED  IN  DETAIL 
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AND  TMfcSL  SHOWED  SULFIDATION*  EROSION  AND  DEPOSITION  PROCESSES 
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FLUE  C AS i FLU  ID  12  ED— bED  COMbUSTukS:  TIIGAS  TURBINE  S>  TiJ 
MATERIALSSMA1ERI ALS  TESTING:  U I *U2 5PUT ASS  1 UN  IS I MULAT 1 ON J SOD I UM J 
SULFATES 

TYCO  04  703* 

CONF  —76 1 0 1  to  PP*  V.I-V.3 
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NUT* IS*  M*  S* 
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MODIFICATIONS  TO  THE  EX XUs.  PRESSURIZED  FLUID IZEO-bED  COAL 
Cl*bUST|DN  MIN  IP  LAN  T  ARE  COMPLETE  MlTrt  PORTS  AVAILABLE  FOR  1 2 
IN-GED  A>4D  1  v  ABOVE -toED  K: X T  EXCHANGER  SPECIMEN  PROBE 
ASSEMhLItS.  THE  INSTALLED  TEMPERATURE  CONTROL  SYSTEM  FOR  THE 
SPECIMEN  PRObES  PROVIDES  INDEPENDENT  TEMPERATURE  CONTROL  OF 
EACH  PRObE  bV  REGULATING  THE  ANOUNT  OF  COOLING  AIR  DEL  1 VEREO • 
THIS  PRGVlOES  A  RELIABLE*  INDEPENDENT  AND  READILY  ADJUST AbLE 
TEMPERA  1lA4E  CONTROL  SYSTEM  FOR  THE  21  SPECIMEN  PRObES  (SUPPLIED 
5Y  VEST IMiMDUSE  RESEARCH)*  tl  PERMITS  CONTROL  OF  THE  12  lN-feED 
SPEC1MLN  PRUNES  AT  MEAN  TEMPERATURES  OF  I0S0SSUP  OAF*  I200»SIA> 
OAF •  14G0ASUP  OAF  AND  IbOOASuP  OAF.  AND  THE  9  ABOVE -BED 
MAT  LR 1  AL  PRObES  AT  TEMPEMAlURLS  OF  I2G0SSUP  OAF*  |4  OCA  SUP  OAF* 
AND  ICOCAGUP  OAF.  EACH  PRObE  IS  COMPOSED  OF  2  ALLOY  SPECIMENS 
AND  THRtL  SPECIMEN  PRUDES  MILL  bE  TESTED  AT  EACH  TEMPERATURE*  A 
DATA  LOGbEk  SYSTEM  IS  INSTALLED  FDR  INDIVIDUAL  PROBE 
TEMPER ATONE  K)Nt TURING  AND  ALARM*  THE  TURBINE  TEST  SECTION 
( SUP PL  I  ED  bV  GENERAL  ELECTRIC)  MILL  PROVIDE  A  REGION  M 1 Th 
REPRESEN  I AT  I VE  FLOM  VELOCITIES  FOR  FURNISHING  ENGINEERING 
USURPATION  LH  THE  CORROSION/EROSION  DETERIORATION  OF  GAS 
TURbINt  MATERIALS  EXPOSED  TO  THE  EXHAUST  GAS  FRUM  A  PRESSURIZED 
FUJI D1  ZED-BED  COAL  COMBUSTOR*  ThL  SHAKEDOMN  PHASE  OF  THIS 
PROGRAM  HAS  BEEN  COMPLETED*  HEAT  EXCHANGER  SPECIMEN  PRObES  AK> 
TlABlNt  BLADE  MATERIALS  «CRE  EXPOSED  TO  PRESSURIZED 
FLUIDIZtD-ttED  COAL  COMBUSTION  CONDITIONS  FOR  TESTS  OF  17  HOURS 
AND  IOC  HOURS*  TEMPERATURE  CONTROL  OF  THE  21  HEAT  EXCHANGER 
PROBES  MAS  EXCELLENT*  AND  THE  PROBE  SPECIMENS  SHOMED  NO  VISIBLE 
SiGNb  OF  ATTACK  AFTER  117  HOURS  UF  EXPOSURE*  THE  AIRFOIL— SHAPED 
TURBINE  SPECIMENS  C U-700 )  EXPERIENCED  A  REGULAR  PATTERN  OF  FLY 
ASH  DEPOSIT 1UN .  SOME  SIGNS  OF  EROSION  AT  THE  LEADING  EDGE  AND 
ON  1  UR  2  SPECIMENS  SIGNS  OF  VERY  LOCALIZED  INCIPIENT  CORROSION 
NEAR  THE  LEADING  EDGE  * 
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PRATT  AND  VHITNLV  AIRCRAFT*  MIDDLE 10MN.  CT 

THIRD  ANNUAL  CONFERENCE  UN  MATERIALS  FOR  COAL  CONVERSION  A NO 

UTILIZATION 

V*34-V*3V 

3*  COHERENCE  ON  MATERIALS  FOR  COAL  CONVERSION  ANO  UTILIZATION 
GAITHLRSBURG*  MO*  USA 
10  0C1  197b 
197b 
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CONCLUSIONS  FROM  PREVIOUS  OX 1DAT IUN-EROS I ON  MURK  ARE  SUMMARIZED 
WITH  rlspeci  to:  particle  sue*  PARTICLE  hardness,  particle 
CONCtNlRAl ION*  IMPACT  ANuLfc •  IMPACT  VELOCITY  AND  CERTAIN 
MAItRlAL  PROMPT  1ES  SUCH  AS  OXIDATION  RESISTANCE  AND  HARDNESS. 

A  OA^tLlNt  HOT  CORROSION  TEST  WAS  RUN  bY  INJECTING  AN  AQUEOUS 
SOLDI  ION  OF  NAASUH  2» SOS  SUB  AS — 2S  MOLX  KSSUb  kSbui&UB  «t  INTO 

it*,  primary  cumbustuR.  weight  losses  of  the  test  materials  are 

PLOTTED.  AN  fckUSION-HUT  CORROSION  EXPERIMENT  MAS  HUN  UNDER 
IDENTICAL  CONDITIONS  EXCEPT  FOR  THE  ADDITION  OF  30 0  PPM  OF 
2SMUSM  ALASUb  2A0ASUO  3A  PARTICLES  TO  THE  GAS  STREAM,  WEIGHT 
LOSSES  ARE  MUCH  LARGER  THAN  THOSE  ATT  R I BUT  ABLE  TO  THE  SUM  QF 
EROS  I UN  AND  KM  CORROSION  PROCESSES  ACTING  ALONE.  AGAIN  SILICON 
NITNJUL  MAS  FOUND  TO  BE  HIGHLY  RESISTANT  TO  CONDITIONS  WHICH 
CAUSED  RAPID  ATTACK  OF  METALLIC  ALLOYS.  THE  NaTuRL  AND  SEVERITY 
OF  EkuS I UN  —HOT  CORROSION  ATTACK  IS  ILLUSTRATED  bV  A  SERIES  OF 
PHUl JKICHOGRN>HS  OF  COCRALV-CUATED  in  73d.  IN  TESTING  »  I  Th 
OTHER  TYPtS  Ur  SOLID  PARTICLES.  IT  NAS  FOU*C>  THAT  Tnfc  RATE  OF 
MATERIAL  CONSULT  ION  MAS  NOT  AFFECTED  BY  PARTICLE  HARDNESS  I  THE 
MOD  PUMDLR  MHlCH  CAUSED  RELATIVELY  MILD  EROSION  UNDER  OXIDIZING 
C(#iDH  IONS  MAS  AS  DAMAGING  AS  ALASUb  2  SOS  SUB  3*  IN  EROS  ION-HOT 
CORPUS  I  ONI  *  AND  THAT  DEPOSITION  OF  FINE.  INERT  PARTICLES 
<0.  3SNUAM  ALASUb  2 A  DA SUB  3A)  REDUCED  THE  SEVERITY  OF  HOT 
CORROSION.  TtCSE  RESULTS.  AS  MELL  AS  THOSE  OF  THE  ORIGINAL  * 
EXPERIMENT  M  IT  H  2SMUSM  ALASUb  2S0SSUH  3A ,  CAN  bE  RATIONALIZED 
BY  AN  EROSION-HOT  CORROSION  MODEL  bASED  UN  DAMAGE  TO  1  Hi. 
CWROSIVl  SL  AL  E  DY  THE  IMPACTING  PARTICLES.  RENDERING  IT  LESS 
PR0 1 E  C  T  1 VE  Ah£>  PROMOTING  THE  INGRESS  OF  SOLF  UR  INTO  THE  ALLOY. 

coal  gasification  plants:  ti scoat ings: corpus ion; erosion; 

FOSSIL-FUEL  POWER  PLANTS:  T2SGAS  TURdINES:  TJJmAVNES  Ibb  ALLOY J 
MATt Rl ALS.MA1ER1 ALS  TESTING:  Q I «U2 «Q3 IMATHEMAl 1C AL  MODELS; 
POTASSIUM  SULFATESS SILICON  NITRIUES;S001UM  SULFATES 

7GCG0*b7ct2 

STATE  OF  COAL  GASIFICATION 
VAN  HELK.  K.H. 

bfcR GDAU-F OR S CHUNG  G.M.B.H..  ESSEN  i GERMANY •  F.R.I 
CONF—'/  /  126 1  — 9 
3V 

DEP.  NT  IS  (US  SALtS  ONLY).  PC  A03/MF  AGI • 

CONFERENCE  ON  COAL  GASIFICATION  AND  HYDROGENATION 
ESSLN.  F.M.  GERMANY 
7  DEL  IW7 
I  97  7 

IN  GERMAN 

EOb— G I  GAGA  ik  10900 

ELD -01  GAGA 

AEO-CUNF  — 77 -S  06-00  S 

THE  PHYSICAL -CHE  Ml  CAL  AND  ENGINEERING  FUNDAMENTALS  OF  COAL 
GASIFICATION  ARE  DESCRIBED;  THE  INDUSTRIAL  METHODS  OF  GAS 
PRODUCTION  AVAILABLE  TOO AY  AND  THE  NEW  DEVELOPMENTS  ARE 
EXPLAINED.  NUMEROUS  METHOOS  HAVE  BEEN  SUGGESTED  AND  BEEN  PUT 
I NT  U  USt_  FOR  THE  TECHNICAL  PERFORMANCE .  TODAY  THERE  ARE  ONLY 
PRACTICALLY  J  ML1H00S  AVAILABLE  FOR  INDUSTRIAL  USE  IN  WHICH  TmE 
GASIFICATION  IS  CARRIED  OUT  AUTO  THERMALLY  MITH  A  STEAM— OXYGEN 
MIXTURE  IN  A  FIXED  bCb  (LURGl).  IN  A  FLUID  t2 ED  BED  (WlNKLERI 
A fC.  IN  A  FUEL-DUST  CLOUD  ( KOPPERS/TOT ZEK ) •  MOST  OF  THE  GERMAN 
GASIFICATION  PROJECTS  AIM  AT  A  FURTHER  DEVELOPMENT  OF  THE 
ClMVtNT 1UNAL  TECHNIQUES  FDR  OPERATION  AT  HIGHER  PRESSURES.  AT 
IMPROVING  THE  EFFICIENCY  AND  AT  EXPANDING  THE  COAL  BASIS.  COAL 
GASIFICATION  WITH  NUCLEAR  HEAT  AIMS  TO  REPLACE  COAL  AS  THE 
(ENERGY  SOURCE  bY  NUCLEAH  PROCESS  HEAT  AND  THUS  TO  MAKE  BETTER 
USE  OF  COAL.  TO  AVOID  COAL -SPECIFIC  EMISSIONS  AND  TO  IMPROVE 
ItE  EFFICIENCY  AS  WELL  AS  THE  PROFITABLENESS  OF  GASIFICATION 
PROCESSES.  THE  MAIN  IMPORTANCE  IN  THE  PROJECTS  DONE  IN  THE  USA 
IS  THE  PRODUCT  ION  OF  METHANE  BY  COMBINATION  UF  AUTOTHERMAL  AND 
ALLOTHERMAL  STEAM  GASIFICATION  WITH  METHANATION  OR/ANO  WITH 
HVDROGASIFICAT ION.  FINALLY.  GASIFICATION  PROCESSES  ARE 
DEVELOPED  FOR  ENVIRONMENTALLY  SAFE  ELECTRICITY  GENERATION  IN 
COM)  I  NAT  ION  MITH  THE  GAS  TURblNE  PROCESS.  THE  NEW  DEVELOPMENTS 
SHOULD  BE  TECHNICALLY  REAOV  FOR  IfOUS TRIAL  USE  AFTER  1VBS 
WHEREBY  NUCLEAR  COAL  GASIFICATION  MILL  NOT  BE  APPLIED  ON  A 
LARGE  SCALE  l*TIL  THE  NHCT1ES. 

U 1  —GAS  PROCESS  {CHEMICAL  REACTION  KINETICS!  OlICOAL 
gasification:  ti ;efficiency:emission;gas  turbines {German 

FfcDfc HAL  RtPUbLlt IHYDRDGENAl lONIHYGAS  PHOCE SS 5* OP PE <S-TOTZEK 

process:  t*;lurgi  process:  T2;methanat ion; me  thane , opt imiz at icm  : 
0i.G3.u*;p0wfcN  generat ion;pressure  dependence; pro less  heat 
rlacidrs;reviems;ihermooynamicsi  qisminkler  proclss:  T3 

TfROOSIBIO 

FAULT  TREE  ANALYSIS  FOR  RELIABILITY  PREDICTION  OF  GAS  TURBINE 
TYPE  POWER  PLANTS.  VOL  (ME  2.  APPENDIXES.  FINAL  REPORT 
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KELLY,  J.E.S  ERDMANN.  ft.  t.  S  GILBERT.  K. 

SCI t NLE  APPLICATIONS*  INC. •  PALO  ALIO*  CA  (USA) 
fab 

OfcP.  NI1S«  PC  AOb/MF  AO 1  * 
i(M  197b 
CUB -200 100 
EUB-20L  ISO 

EPRI-AE - Oil  (  VQL  •  2APP.  I 

FAULT  1KU  ANALYSIS  IS  A  PROCEDURE  USED  TO  EXAMINE  SYSTEMS  TO 
DttLMMlNt  COMP UNE  NT  FAILURE  MOOES  ANU  OTHER  EVENTS  CE.G., 
OPERATOR  ERRORS!  WHICH  CAN.  INDIVIDUALLY  OR  IN  COMBINATION. 
CAUSE  A  SYSTEM  FAILURE  RESULTING  IN  DOWNTIME.  A  SYSTEM  FAULT 
TREE  IS  A  LOGIC  DIAGRAM  WHICH  DEPICTS  THE  COMPONENT  FAILURE 
MUGCS  ANU  UTt€R  FAULT  EVENTS  CAPABLE  OF  PROOUClNG*  THROUGH  A NO 

amj  or  combinatorial  logic,  system  failure,  it  is  a  binary 

MUuIl.  Uf  THE  FAULT  MOOES  OF  A  SYSTEM  ANO.  AS  SUCH.  CAN  bF. 
READILY  CONVERTED  TO  A  PROBABILISTIC  MODEL  OF  If*  SYSTEM. 
IFCIIVIOUAL  CLFtPONENT  FAULT  PROBABILITIES  CAN  BE  ASSIGNED  TO  THE 
MODEL  AND  CURilNEO  TO  OBTAIN  SYSTEM  FAILURE  PRObAb  JL I T 1  ES.  THE 
SYMBOLISM  USED  IN  THE  FAULT  TREE  ANALYSIS  IN  THIS  STUDY  IS 
SHOWN  AND  DEFINED.  THE  GAS  TURbl  NE  AT  THE  NAVAL  STATION  PLANT 
SIUUILU  IS  DEPICTED.  ALL  THE  SUBSEQUENT  FIGURES  SHOW  THE  TREE 
T(JP  AND  ITS  2b  BRANCHES  THAT  WERE  CONSTRUCTED  IN  THIS  STUDY. 

diagrams  seault  irel  analysis:  oi .g2; forecast ings fossil-fuel 

POWER  PLANTS:  T2SGAS  TURBlPfS:  111  RE L 1 AB I L I T  Y :  01 .02 
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MATERIALS  PROBLEMS  IM  COAL  GASIFICATION  ANO  LIQUEFACTION 
LOCHMANN.  *.3. 

RALPH  M.  PARSONS  CO**  PASADENA*  CA 
METALL*  TRANS* •  A*  V*  9.  NO*  2*  PP.  1 7S-151 
FEB  197b 

EUB— 38010b. 360205S0 10404 S0IO40S 
EMI-36G1GS 

TFt  CONYERS  1  CPI  OF  COAL  TO  •  ‘CLEAN*  •  FUELS  IMPOSES  SEVERE 
DEMANDS  ON  MATERIALS  OF  CONS  RUCTION.  THE  OPERATIONAL 
ENVIRONMENTS  EXPERIENCED  BY  THESE  MATERIALS  MAY  BE  HIGH 
TEMPERATURES  A  FA)  HIGH  PRESSURES  AND  CONTAIN  SUBSTANTIAL 
QUANTITIES  OF  H8SUB  28S.  H8SUB  28  •  ORGANIC  ACIDS.  CHLORIOES  AND 
PAR  T ILOLATE  MATTER.  EXPERIENCES  TO  OATE  INDICATE  THAT  CORROSION 
AF 4>  ERUSIUN  PROBLEMS  WILL  TAX  MATERIALS  ENGINEERS  AND 
DESIGNERS.  THIS  PAPER  OISCUSSES  MATERIAL  PROBLEM  AREAS  AND 
REQUIREMENTS  THAT  HAVE  BEEN  IDENTIFIED  FOR  COAL  CONVERSION 
PLANTS.  A  SUN4ARY  OF  CRITICAL  MATERIAL  SELECTION  AREAS  FOR  COAL 
GASIFICATION  AFftj  LIQUEFACTION  PLANTS  IS  GIVEN. 

ALUMINIUM  OXIDES:  T  6  5  CAR  BON  STEELS:  TSSCHROMlUM  STEELS:  T3i 
CHROMIUM -MOLYBDENUM  STEELS!  TA .COAL  GAS IF K CAT  ION:  T 1 S COAL 
LIQUcFACI ion;  12 SCURROSIUN:  U3.U4. QS.U&.Q7SCORROS10N  PROTECT  ION; 
EROSION:  u3.QA.QS.Ub*Q7.GAS  lURbl NES5 HYDROGEN:  Tb .HYDROGEN 
SULFIDES!  T9S1NC0L0Y  800 SMATER I ALS:  OI .Q2 5ME TALLURGICAL 
EFFECTS!  Ub • 09 {PERFORMANCE; SILICON  OXIDES!  1 7; SI A  INLESS 
STEEL-3  I  OS  TUHB INESS VALVE  & 

79J0037449 

ULTRASONIC  I FCPECT I ON  OF  GAS  TURBINE  SAND  CASTINGS 
OR1CH.  R.H.  IS  SPROAT.  W.H. 

GENERAL  ELECTRIC  CO**  GREENVILLE*  S 
MATER*  EVAL**  V*  36.  NO*  6*  PP.  A 1  —4b 
JUL  197b 
EDb— 3G0 103 
EEB-JbO  I  u3 

NODULAR  IRON  CASTINGS  HAVE  BEEN  EVALUATED  WITH  RADIOGRAPHY. 

THIS  METHUD  OF  INSPECTION  HAS  PROVED  TO  BE  SATISFACTORY  BUT 
DOES  HAVL  SO»C  CHARACTERISTIC  DISADVANTAGES.  THESE  ARE 
ASSOCIATED  WITH  HIGH  COST  AND  LENGTHY  HANDLING  TIMES.  OTHER 
METHODS  UF  NI940E  STRUCT  1VELY  EVALUATING  CASTINGS.  SUCH  AS 
ULTRASONIC*  NAVE  NUT  BEEN  USED  EXTENSIVELY  DUE  TO  THE  NEWNESS 
OF  T He  TECHNOLOGY.  ULTRASONICS  DOES  OFFER  MANY  ADVANTAGES  OVER 
RADIOGRAPHY.  PARTICULARLY  IN  THE  AREAS  OF  COST  AND  SCHEDULING. 
THE  EQUIPMENT  NEEDED  TO  COMPLETELY  RADIOGRAPH  A  LARGE  10.000  Lb 
C AS 3b  KG)  TURBINE  CASTING  WOULD  COST  OVER  4*00.000.  INSPECTION 
TIMES  AND  SERVICES  FOR  RADIOGRAPHY  VARY;  HOWEVER.  TYPICAL  COSTS 
FOR  THIS  TYPE  OF  CASTING  COULD  BE  APPROXIMATED  AT  82*000  TO 
83*000.  THE  ULTRASONIC  INSPECTION  COSTS  FOR  THIS  TYPE  PART  ARE 
ESTIMATED  AT  APPROXIMATELY  8300*  THE  EQUIPMENT  NECESSARY  FOR 
THIS  TYPE  OF  INSPECTION  WOULD  NOT  EXCEED  810*000.  ULTRASONICS 
IS  ALSO  A  VIABLE  PRODUCTION  TOOL  SINCE  IT  CAN  BE  USED  WITH 
PLANNED  TIMES  AND  MINIMUM  PRODUCTION  DELAYS*  THE  SETUP. 
PROCEDURES*  AND  PROCESSING  TIMES  ASSOCIATED  WITH  ULTRASONICS 
ARE  ALSU  GREATLY  REDUCED  OR  NONEXISTENT  AS  COMPARED  TO 
RADIOGRAPHY*  ADDITIONALLY*  A  MINIMUM  OF  SAFETY  HAZARDS  ARE 
ASSOCIATED  WITH  THIS  INSPECTION  METHOD*  AS  A  RESULT  OF  A 
RAPIDLY  MOWING  ULTRASONIC  TECHNOLOGY  ANO  THE  ADVANTAGES 
DESCRIBED.  AN  EXTENSIVE  EFFORT  WAS  UNDERTAKEN  TO  DEVELOP 
ULTRASONIC  TEOttULOGV  FOR  USE  IN  THE  INSPECTION  OF  LARGE  SAND 
CASTINGS.  THE  PERTINENT  ACTIVITIES  AND  RESULTS  ASSOCIATED  WITH 
THIS  PROGRAM  ARE  DESCRIBED. 

CAST INGSSCDSII DEFECTS SDU Cl IL1TYSGAS  TURBINES l  1IS1RONS 
TRANSDUCERS (ULTRASONIC  TESTING!  ul 

79C 003731 6 

HIGH-TLMPERATORE  MATERIALS  IN  GAS  TURBINES 
SAHM*  P.k.S  SPEIDEL*  M.O*  (EDS*) 

CONF— 730391  — 

•OB 

AMERICAN  ELSEVIER  PUBLISHING  CO«*  INC* •  52  VANDERBILT  AVENUE • 
NEW  YORK*  NY  846.95* 

HIGH-TEMPERATURE  MATERIALS  IN  GAS  TURBINES 

baden*  Switzerland 
12  MAR  1973 

ELSEVIER  SC10ITIPIC  PUBLISHING  CO*.  AMSTERDAM*  NETHERLANDS 
1974 

BOB -38 01 00 
COB -380 I 00 
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OE  SCRIPT  OES 


PAPERS  AkE  PfCSENTEO  ON  RECENT  ADVANCES  IN  HIGH  TEMPERATURE 
MATERIALS  FUR  USE  IN  STATIONARY  GAS  TURBINES.  StVEKAu  OF  THE 
PAPERS  FOCUS  ON  multi-element  SUPERALLOVS. 

alloys:  1Z(GAS  TLRblNES:  T1SHIGH  TEMPERATURE (MATERIALS:  01 ; 
MEETINGS:  02  (V ER V  HIGH  TEMPERATURE 

T9C00m62 

APPLICATION  (F  CERAMICS  TO  RAOIAL  FLO*  GAS  TURBINES  AT  SOLAR 
ME1 CALF  L  •  A •  G. 

SOLAR  UV.  OF  INTERNATIONAL  HARVESTER  CO,,  SAN  OIEGO.  CA 
CERAMICS  FOR  HIGH  PERFORMANCE  APPLICATIONS 

bU)Kt»  j.j.;  gorum.  a.e.s  katz*  r,n.  <eos.) 

CONF -7  31 lOI  — 

730-7*7 

km  ARMY  MATERIALS  TECHNOLOGY  CONFERENCE 
HT ANN IS,  MA,  USA 
13  NOV  IV73 

bHUOK  HILL  PUBLISHING  CO,,  C»*STNUT  HILL,  MA 
I  *74 

EOb -330 I 03 1360 206 
E  Lb— 330 1 03 

SMALL  RADICAL  FLOW  GAS  T URBI  ft£S  FOR  FIELD  SERVICE  PRESENT 
SPECIAL  PROBLEMS  RELATED  TO  COMbUSTOR  CONTROL  AND  DUST 
iNUtSI  1  ON,  ANALYSES  OF  CERAMICS  UNDER  THESE  SERVICE  CONDITIONS 
I  FA)  I  CA  I  ED  THAT  CERAMIC  NOZZLE  GUIDE  VANES  AND  SHROUDS  VOOLO 
PROVIDE  EFFICIENT  SOLUTIONS  TO  SUCH  PROBLEMS,  THE  ANALYSES  MERE 
CONFIRMED  BY  TESTS  ON  A  SMALL  TURBINE,  IT  IS  SUGGESTED  THAT 
THIS  TYPE  OF  APPLICATION  INVOLVES  MUCH  LESS  RISK  1 HAN  THOSE 
REQUIRING  DEVELOPMENT  OF  AN  ALL-CERAMIC  ENGINE,  AND  MAY 
RtPRESENt  AN  EFFECTIVE  APPROACH  TO  InTRQOUCE  CERAMICS  TO  GAS 
T UR B I NE S •  These  VIEMS  MILL  BE  ILLUSTRATED  bV  AN  ANALYSES  OF  THE 
U,S,  ARMY  (MLRDCI  10-**  GAS  TURBINE  GENERATOR, 

AIRCRAFT (EROSION:  Q3SGAS  TURBINES:  Tl (MATER I ALSJ  Ol (MATERIALS 
TfcSI ING(SILICDN  NITRIDES:  T2 (TURBINE  BLADES:  T3IUSES:  G2(VANES( 
VERY  HIGH  TEM>ERATURE 

7VC06372DC 

PROTOTYPE.  CERAMIC  VANES 
NESSLER,  L,G. 

PRA1I  AND  MM  IT  NE  Y  AIRCRAFT*  MIDDLE  TO*N.  CT 
CERAMICS  FOR  HIGH  PERFORMANCE  APPLICATIONS 
BIAkE,  J.J.i  GORUM,  A.E, S  KATZ*  R ,N.  (EDS.) 

CONF  —73 1 1 VI - 

600— ©30 

2rn  ARMY  MATERIALS  TECHNOLOGY  CONFERENCE 
HYANN1S,  MA.  USA 
13  NOV  1V73 

BROOK  HILL  PUBLISHING  CO.*  CHESTNUT  HILL*  MA 
107* 

EOB— 330 1 03(200 104 1 360200 
EOb -330  1C3 

CERAMIC  VANES  OFFER  SIGNIFICANT  POTENTIAL  IN  LARGE  AIRCRAFT  AND 
INDUSTRIAL  GAS  TURBINES*  THE  SUITABILITY  OF  HOT-PRESSED  SILICON 
NITRIDL  EUR  USE  IN  CURRENT  ENGINE  VANES  MAS  PRELIMINARY 
EVALUATED*  PMITOlVPE  VANE  CONSTRUCT  ION  AND  TESTING  MERE 
UNDERTAKEN  TOGETHER  MlTH  CLOSELY  RELATED  MATERIAL 
CHARACTERIZATION.  THE  RESULTS  INDICATED  THAT  CYCLIC  THERMAL 
STRESS  AND  I M*  AC  T  BEHAVIOR  ESPECIALLY  MARRANT  MORE  ATTENTION. 
ESTABLISHING  MATERIAL  PERFORMANCE  CRITERIA  AND  COMPARING  TEST 
DATA  MlTH  THEM  ARE  IMPORTANT  NEEDS.  DESIGN  AND  CONSTRUCTION  OF 
EXPERIMENTAL  PARTS  ARE  THE  NECESSARY  NEXT  STEPS  lU  ACCURATELY 
OETERMINL  THE  UTILITY  OF  HOT-PRESSED  CERAMICS. 
aircmaft;lohk)S1on(oesign;failures;gas  turbines:  ti (materials: 

02 I MATERIALS  TESTING (PERFORMANCE  TESTING:  02.Q3SP0MER  PLANTS; 
silicon  nitrides:  T3; thermal  stresses:  Q3(uses:  03;vanes:  tz.oi; 

VERY  HIGH  TEMPERATURE 
79C00372S9 

THERMAL  RESPONSE  OF  CERAMIC  TURBINE  STATORS 
JOHNSON.  C.F.;  HART  SOCK*  0*L* 

FIND  NUTlff  CU.  •  DEARBORN*  Nl 

CERAMICS  FOR  HIGH  PERFORMANCE  APPLICATIONS 
B4HKC,  J.J.I  GORUM,  A.E.S  KATZ*  M*N«  (EOS,  I 

CONF  -731  IOI - 

S49-S62 

2.  ARMY  MATERIALS  TECHNOLOGY  CONFERENCE 
HYANNIS*  MA*  USA 
13  NUV  I V73 

BROOK  HILL  PUBLISHING  CO.*  CHESTNUT  HILL*  NA 
1 07* 

1 OB-330 1031 360200 
COB-330 1 03 

A  DESCRIPTION  OF  THE  TEST  FACILITIES  USED  TO  EVALUATE  CERAMIC 
TiNb:  NE  ST  A  T(X  S  FUR  A  REGENERATIVE  GAS  TURBINE  ENGINE  IS 
PRESENTED*  TtC  ADVANTAGES  AND  LlMllAllONS  OF  THESE  TEST 
FAC  IL  HIES  ARC  PRESENTED  ALONG  Ml  TH  A  COMPARISON  OF  THE  TEST 
RESULTS,  THE  TECHNIQUE  OF  USING  AN  INFRARED  PYROMETER  TO 
MEASlXt  S?  AT  UR  VAN  TEMPERATURES  THROUGH  THE  COMBUSTION  SYSTEM 
OF  A  GAS  TURBINE  ENGINE  IS  OISCUSSEO  ALONG  MlTH  TYPICAL  TEST 
RESULTS,  FINALLY*  THE  THERMAL  RESPONSE  DATA  OF  CERAMIC  STATOR 
VANES  ARE  PRESENTED  FOR  EACH  TEST  SYSTEM  AND  COMPARED  MlTH 
THEORET ICAL  VALUES. 

AUT  UXU0  1 LL  S I  oA  S  TURBINES:  Tl  (MATERIALS:  02  IMATER I ALS  TESTING; 
PERFORMANCE  TESTING:  02 (PYROMETERS (S IL ICON  NITRIDES:  T3( 

STATURS:  T2*G1 (TEMPERATURE  MEASUREMENT (TEST  FAC IL I T I ES; THERMAL 
SKICKS  031  very  high  temperature 
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A  MAJOH  PORTION  (IF  THE  FORD  CERAMIC  TURblNE  RC  TOR  FAbRICAT  ION 
PROGRAM  IS  DIRECTED  AT  A  MULTIELEMENT  APPROACH  IN  WHICH 
ELEMENTS  OF  YAR1 OUS  COMPLEXITY  AND  PROPERTY  REQUIREMENTS  SUCH 
AS  The  RING  OF  BLADES.  THE  HUB.  THE  RE 1NF0RCED  PLATFORM.  ETC.. 
ARE  INDIVIDUALLY  FORMED  AND  SUBSEQUENTLY  JOINED  TO  FORM  A 

complete  rotlr.  testing  of  such  rotors  incluoeo  a  cold  spin 

TEST  UF  EACH  ELEMENT  OF  THE  ASSEMBLY.  DESIGNED  TO  ESTABLISH  ITS 
STRENGTH  LEVEL  WHILE  PHOTOGRAPHING  THE  FAILURE  TO  ESTABLISH  THE 
FAILURE  MODE*  ASSEMBLIES  OF  TWO  OR  MORE  ELEMENTS  JOINED  OR 
BlMUEU  UNDER  A  VARIETY  OF  COM)  IT  IONS  HAVE  ALSO  BEEN  COLO  SPIN 
TESTED  DURING  THE  DEVELOPMENT  OF  THE  JOINING  TECHNIQUE  ANO  THE 
EVALUATION  OF  VARIOUS  OESIGN  MODIFICATIONS.  A  WIDE  RANGE  OF 
FAlLUkt  CONDITIONS  HAVE  BEEN  IDENTIFIED  DURING  THE 
CDLD-SP IN-TEST  I NG  PHASE.  THEREBY  ALLOWING  THE  DEVELOPMENT  OF 
IM>MUVEO  RUT  CPS  SUITABLE  FOR  SUBSEQUENT  HOT  TEST  AND  ENGINE 
DEVELOPMENT. 

AUTOMUte 1LESI0E  SI GM( FABRICAT ION (FA I LIME SI GAS  TURBINES.  Ill 

materials:  02; performance  testing:  q*;  rotors:  T2.ui ; silicon 

NITRIDES:  T3(USESS  03 
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PROCESSING  AK>  F  ADR  1C AT I ON  OF  MON-HOT -PRESSCO  SILICON  CARBIDE 
ALL1EGR0.  R. A. 

MORTON  Ui. .  MIRCESTEM.  MA 

CERAMICS  for  high-performance  applications 

BURKE •  J.J#;  GORUM.  A.E.S  KATZ .  R.N.  (EDS.) 
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2.  ARMY  MATERIALS  TECHNOLOGY  CONFERENCE 
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1974 

fcOB-330 I C3S 360 20 I 
EBB— 330 103 

THE  NEED  FOR  A  VARIETY  OF  MATERIALS  TO  SATISFY  ADVANCED  GAS 
Tl*telN£  REQUIREMENTS  IS  RECOGNIZED.  I  HE  USE  OF  SILICON  CARBIDE 
CCMPONi  SIS  IN  THIS  ENVIRONMENT.  MADE  BY  PROCESSES  OTHER  THAN 
HOT  PRESSING.  IS  DISCUSSED.  IN  PARTICULAR.  THE  PROPERTIES  AND 
PROCESSES  UNIQUE  TO  REFEL.  KT.  CVO  SILICON  CARBIDE.  ANO 
NORALlDE  NC-AOO  ARE  DESCRIBED  IN  DETAIL.  THE  PRESENT  ANO 
POTCNflAL  APPLICATION  AREAS  FOR  THESE  MATERIALS  ARE  ALSO 
OISCUSSEU.  SPECULATION  IS  MADE  REGARDING  IMPROVEMENTS  IN  THESE 
SYSTEMS  IN  TIC  FUTURE. 

fabrication:  on  gas  turbines;  T2smatehials:  02;materials 

WORKING (MECHANICAL  PROPER! IESIM1CR0S1 RUCtURE (PHYSICAL 

properties:  ui  sproouct ion:  qi (silicon  carbides:  tmusesivery 
high  temperature 
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T*E  GENERAL  PROBLEM  OF  ENGINE  RELIABILITY  IS  DISCUSSED  PRIOR  TO 
REVIEWING  PRUiABlLl TV -BASED  DESIGN  AND  ANALYSIS  TECHNIQUES. 
TYPICAL  AIRCRAFT  TURBINE  ENGINE  RELIABILITY  GROWTH  DURING  EARLY 
SERVICE  LIFE  CAN  INVOLVE  A  THREEFOLD  REDUCTION  IN  UNSCHEDULED 
ENGINE  REMOVAL  RATES.  REASONS  FOR  THIS  CHARACTERISTIC  MATURING 
OF  RELIABILITY  ARE  PRESENTED.  THIS  MATURATION  OF  reliability 
EVPHASI ZtS  THE  IMPORTANCE  OF  VARIABILITY  INTRODUCED  BY 
ANALYTICAL  INAUEQUAC1ES.  AS  WELL  AS  INHERENT  VARIABILITIES  IN 
MATERIAL  STRENGTH.  WITH  REGARD  TO  THl  CERAMIC  ENGINE 
APPLICATION.  STATISTICAL  MODELS  FOR  STRENGTH  ANO  MODULUS  OF 
HOT-PRESSED  SILICON  NITRIDE  ARE  PRESENTED  AND  DISCUSSED.  A 
SPECIFIC  EXAMPLE  IS  GIVEN  OF  PROBABILITY  OF  FAILURE 
COMPUTATIONS  FOR  DETERMINISTIC  MECHANICAL  ANu  THERMAL  STRESSES 
IN  THE  FIRST-STAGE  ROTOR  OF  THE  VEHICULAR  ENGINE  PROJECT. 
AIRCRAFT  |  FA  I  (JURE  SI  GAS  TURBINES  X  T  I  (MATER  I ALSJ  Q I  (MECHANIC  AL 
PROPERTIES:  G2 IRELlAblL] TYl  Q1 (ROTORS (SILICON  NITRIDES:  T2 ( 
THERMAL  STRESSES (USES:  02 
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sfcvtN  nas i call y  different  gas  turbine  cycles  mere  analyzed  with 

THE  GOAL  OF  EVALUATING  THE  POTENTIAL  FOR  MINIMIZING  FUEL 
REOUIhEMLNTS  FOR  FUTURE  ARMY  TRACKED  VEHICLES.  EMPHASIS  WAS  ON 
IMPROVED  EFFICIENCY  FOR  THE  SO-CALLEU  BATTLE  FIELD  DAY 
SCENARIO*  COMMONALITY  OF  COMPONENTS  SUITABLE  FOR  A  FAMILY  OF 
ENGINES  NANG INu  OVER  700*  I 2S0  AND  IbOO  HORSEPOWER  WAS  AN 
ADO  IT]  ur.  *L  CONSTRAINT*  UNE  STYLE  WAS  FOUND  TO  NE  SUPERIOR  TO 
ALL  OTHERS*  IT  IS  OBSERVED  THAT  DEVELOPMENT  OF  TURBINES  WHICH 
ARE  SIGNIFICANTLY  NETItR  TnAN  DIESEL  IN  SPECIFIC  FUEL 
CONSUMPTION  f«.MUlMk  I  HE  AV  A 1  LAN)  L  I  I  Y  OF  CERAM  It.  MATERIALS. 

ceramics:  t j scuoling; design ;fuel  economy:  gesgas  turbines: 

T2.U1 ; MACHINE  PARTS .MATERIALS:  Gc (MILITARY  EQUIPMENTS 
PERFORMANCE S THERMODYNAMIC  CYCLES:  U2SUSES:  Q3S VEHICLES:  T1 
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THE  ROLE  OF  THE  CERAMIC  REHEAT  COMBUST  CM  IN  AN  OPTIMIZED  IBOO 
HORSEPOWER  RECUPERATIVE  TANK  ENGINE  IS  OESCRlBED. 
MCMINTEACOOLED*  AS  WELL  AS*  INTEACOOLED  RE  ME  A  T  SYSTEMS  WERE 
CONSIDERED.  INTERCOOLING  IMPROVES  CYCLE  EFFICIENCY  ANO  ENABLES 
BOTH  ENGINE  AND  FUEL  VOLUME  REDUCTIONS  IN  EXCESS  OF  THE  VOLUME 
REUul*CD  BY  AN  INTERCOOLER*  THEREBY  LEADING  TO  A  MORE  COMPACT 

enginl  system*  results  obtained  during  design*  analysis  and 

EVALUATION  of  A  MUR  TON  NC-43u  SLlPCAST  S I L ICON/S I L 1 CON  CARBIDE 
REHEAT  COMBUSTOR#  FEASIblL I  TV  OF  USING  CERAMIC  MATERIALS  FOR 
HIGH  TEMPERATURE  REHEAT  COMBUSTORS  IS  DEMONSTRATED  ANO 
RECOMMcNuAl I  IHS  FOn  future  studies  are  provided* 
automobiles; combustors:  T3*qi;design;gas  turbines:  tij 
materials:  u^i performance  testing:  osisilicok  carbides:  h; 
silicon  nitrides:  ts;uses:  ga.qs 
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STUDIES  UNDER  MAT  ON  TMO  CONCEPTS  FOR  PRODUCING  A  TURBINE  ROTOR 
■IlM  CLRAMIC  U LADES  AND  A  SUReHALLOV  DISCS  ALL  DISCUSSED.  ONE 
CONCEPT  CMPLUVS  HUT  -PKtSSEU  SILICON  NITRIDE  BLADES  AND  A 
COMPLIANT  INTERLAYER  AT  THE  BLADE  ROOT  ENU  FITTING  MHEREAS  The 
SECOND  CONCEPT  RELIES  UN  A  SlPERPLAST 1C  PL AS  I  1C  FORGING 
TECMNIOUL  TO  ATTACH  CERAMIC  BLADES  TU  The  METAL  DISK.  THIS 
LATER  CONCEPT  HAS  BEEN  HOT  SPIN  TESTED  AT  2.2SOSSUP  0»F  AND 
Ab.GOC  RPM  FU4  SL  M  IN  A  VACUUM  SPIN  PIT.  THE  FULLY  BEADED  ISO 
SLAUESI  MOTOR  SURVIVED  THIS  MAJOR  TEST. 

A  IRC  RAF  T  SUES  IG  N;  F  ADR  I  CAT  IONS  02IGAS  IURBINES:  T  I  S  MATER  I ALS:  02  ; 
NGNDESTMUCT  ive  test  ingipehformance  testing:  02:HOTORSISILICON 
NITRIDES!  T3ISTMESS  ANALYSIS! TURBINE  BLADES:  Tk.OliUSES:  03: 
VERY  HIGH  TEI*EJtATURE 
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A  SUMMARY  OF  THE  MATERIALS  SELECT IGN  AND  PROCESS  DEVELOPMENT 
CANRILD  OUT  UyOCM  THE  ARPA/NAVV  CERAMIC  ENGINE  PR  UGH  AM  IS 
PtAIVIOLD.  MATERIALS  CMARACTERI  2  AT  I  ON.  INCLUDING  EFFECTS  OF 
MACHINERY  AND  OXIDATION  TREATMENTS  ON  STRENGTH.  ANO 

Environmental  Effccts  on  hpsn  and  rush  are  presented. 

MANUFAC1UR  IMG  PROCESS  DEVELOPMENT  FOR  ROTORS .  STATORS. 
COMBUSTORS.  ANO  OTHER  STATIONARY  COMPONENTS  ARE  REVIEWED.  NOE 
TEC  MM  1  DUEL  Utlu  |N  THE  PKICRAN  ARE  DISCUSSED.  CURRENTLY 
AVAILABLL  MATERIALS  APPEAR  TO  me  ADCuUATC  for  THE  PROGRAM 

requirements. 

AIRCRAF I IBUNUl NG ICEHAMICSIFABR ICAT ION :  OA.US.OBIGAS  TURBINES: 
TIIHOT  PRESSING:  MACHININGI  MATEH I ALSIMATER  I  ALS  TESTING:  03: 
MECHANICAL  PRDPt RTI ES I OX  ID AT  I ONI PHYSICAL  PROPERTIES:  03t 
RESEARCH  PROGRAMS  IROT  QMS  !  T*  .01 ISI  LI  CON  NITRIDES:  T3|STAT0RSt 
TB.QI  1  TURBINE  BLADES:  TS.OI  TUBES:  03 
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THE  VOLHSMAG04MERK  AG  IS  DEVELOPING  A  CERAMIC  TURBINE  ROTOR 
CONSISTING  OF  A  NOT  PRESSED  SILICON  NITRIDE  nub  ANO  A  REACTION 
SINTERED  SILICON  NITRIDE  BLAOC  RING.  DIFFERENT 
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TEMPtRATOMfc •  PROTOTYPE  ROTORS  HAVE  AlTAlNEO  C INCOME E REN1 I AL 
SPfcEUi,  UP  TO  Jbb  A/S.  SI  |h  I  fcb  BLAyE  RINGS  HAVE  SURVIVED  GAS 
TEMPERATURE  CHANGES  OF  600  A/S*  AT  TEMPERATURES  ABOVE  I  Jut  ft. 
OXIDATION  MAY  REDUCE  THE  STRENGTH  OF  A  CERAMIC  COMPONENT. 
DESCRIPTORS  AUTOMOO  IL.ES*  UE  SIGN.  F  AbM  I  CAT  I  UN*  G2SGAS  TURBINES:  1 1  (MATER  I  ACS! 

o*;ox Ida < ion;perfonmancc  testing:  ussrotors:  12.01 ssil icon 

NITRIDES:  13  (THERMAL  STRESSES. USE S S  OSSVERY  HIGH  TEMPERATURE 
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BASED  ON  REGUl REMtNTS  TO  BE  MET  BY  MOT  SECTION  COMPONENTS  OF  AN 
ADVANCED  TRUCK  GAS  TURBINE*  CERAMIC  PARTS  I FLAME  TUBE*  TURBINE 

iicct  nusl  cimc.  Turbine  nozzle  and  a  metal  disc/ciramic  blades 

1URLINE  WHEEL)  HAVE  BEEN  DESIGNED  AND  TESTED  AT  MTU  MUNICH* 
DESCRIPTION  U=  PARTS  0CS1GN  INCLUDES  OPTIMIZATION  STUOIEs  AND  A 
SiNVEY  UVLR  CALCULATED  STRESS  DISTRIBUTIONS  DUE  TO  TEMPERATURE 
GRADIENTS.  GAS  A NO  ATTACHMENT  FORCES  AT  DIFFERENT  GAS  TUROINL 
OPERA  I ING  CONDITIONS*  PRESENTATION  OF  TEST  RESULTS  CONCENTRATES 
ON  FLAME  TUBE  AND  T URb I NL  WHEEL  TESTING*  FLAME  TUBES  OF  VARIOUS 
SHF* Ac S •  MADE  FROM  DIFFERENT  MATERIALS  HAVE  SUCCESSFULLY  BEEN 
TESTED*  IN  T UR B1 N£  WHEEL  DEVELOPMENT*  THE  AITACHMENT  OF  CERAMIC 
BLADES  TO  THE  METALLIC  DISC  HAS  EXTENSIVELY  BEEN  INVESTIGATED* 
TlNblNE  BLADE  SPIN  TEST  RESULTS  ARE  IN  GOOD  AGREEMENT  WITH 
CALCULATION  fCSULTSS  BURST  SPEEDS  OBTAINED  ARE  WELL  ABOVE  THE 
AERUOYNARlCALLV  NECESSARY  SPEEDS* 

ceramics:  tz *des ignigas  turbines:  tumaterials:  Q3*ua; 

PERFORM  ANCE  TESTING:  D3  •  04  (  RESEARCH  PROGRAMS  SROTORS  l  T4.0I5 
SILICON  LARB IOE> S SI L ICON  NITRIDES i TRUCKS I  TURBINE  BLADES:  T3*OIS 

uses:  oeivery  high  temperature 
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LITHIUM  SILICATE  REGNERATORS  USED  IN  GAS  TURBINE  ENGINES  TO  A 
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CAPABLE  OF  A  SASUN  I0A  LIFE  OF  10*000  HOURS  ARE  PRESENTED* 

SINCE  THEN*  CNtH  I00.00C  CORE-HOUMS  OF  GAS  TURBINE  ENGINE 
TESTING  HAVE  BEEN  ACCUMULATED  ON  NEW  MATERIALS  AND  REGENERATOR 
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TK  EVULUT ICJNARV  STAGES  OP  DESIGN  AND  PROCESS  CHANGES  WHICH 
OLCUPREO  IN  THE  DEVELOPMENT  OP  CERAMIC  STATORS  FOR  FORD'S  MODEL 
*20  CERAMIC  GAS  TURblNE  ENGIFC  ARE  OESCRIOEO.  IN  THE  ULTIMATE 
OlSlGN.  THE  OUTER  SHROUD  AND  VANt  S  MERC  INJECT  IUN  MOLDED  IN  ONE 
SMJl  Tu  FORM  A  MONOLITHIC  SILICON  NITRIDE  STATOR  WHICH  ACHlLVED 
A  DENSITY  UF  2.7  GM  SLC  AFTER  NlTRIOlNG.  ONE  SUCH  Si  AT  OK  MET  THE 
PERFORMANCE  TARGET  GOAL  OF  OPERATING  SUCCESSFULLY  FOR  17b  HULAS 
OF  STEADY  STATL  TESTING  IN  a  CERAMIC  STRUCTURES  ICST  Rlc  AT 
I.VjUlSUP  OAF*  ••BEST  LlFfcS  TO  OA 1 E • •  ARE  ALSO  REPORTED  FUR 
SEVERAL  OTHER  STATIONARY  CERAMIC  COMPONENTS  WHICH  ARE  USED  IN 
THE  HUT  GAS  PATH  PLOW  OP  PORU*S  MODEL  4*20  ENGINE. 

AUluMub i les; design:  m2;failures;gas  turbines:  tt;materials:  u z\ 
MUtUINo:  U3S PERFORMANCE:  02 SPERFuRMANCt  test ingssil icon 
Mil**  lots:  1 3  ;s  T  aturs:  12.gistest  facilIT  its;  very  high 
TEMPERATURE 
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SEVERAL  OCSKM  EVALUATIONS  WERE  CARRIED  DOT  ON  FORDS  6iG 
CERAMIC  G«S  TURBINE  ENCINL  IN  ORDER  TO  APPLY  This  TEST  BED  IN 
EVALUATING  CERAMIC  TURBIMl  ROTORS.  THESE  INCLUDE:  MODIFICATION 
UF  THt  AIL  CUOL1NG  ARRANGEMENT  FUR  THE  BOLT  SUPPORTING  THE 
ROTORS;  DEVELOPMENT  OF  IMPROVED  LUBRICANTS  FOR  THL  INTERFACE 
BETWEEN  THE  CERAMIC  MOTOR  HUD  AND  METAL  SHAFT;  AND  MOCIFVING 
irt  CERAMIC  FLOVPATh  COMPONENTS  tu  ACCOMMODATE  ROTORS  OF 
OIPFERLNT  CO  TP  IGURAT  IONS  •  ENGINE  TEST  RESULTS  ARE  GIVEN  FOR 
SEVERAL  CERAMIC  FULL  OIAMETEH  HUBS  AND  PARTIALLY  BLADEO  ROTORS 
APVER  RUNNING  TINES  UP  TU  AS  MINUTES  WITH  INLEI  TEMPERATURES  UP 
TO  2 JOGASUP  OSF  AND  SPEEDS  UP  TO  SO.OOO  RPM.  ONE  PARTIALLY 
BLAOED  RuTOR  OPERATED  SATISFACTORILY  FOR  10  HOURS  AT  AS. 000  RPM 
■  ITn  INLET  TEMPERATURES  OF  2* OOASUP  OAF  TO  2300SSUP  OAF. 
AUTOMOBILES!  CERAMICS:  T  3  (DESIGN  IF  ABA  I  CAT  ION;  GAS  TURBINES:  TU 
LUBH  ICAM1SIMATEA  IALST  02  PERFORMANCE '.PERFORMANCE  TESTING:  02; 
ROTORS  1  T2.al!  USES:  Q3IVCBV  NISH  TEMPERATURE 

7WC003720S 
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A  METHOD  IS  OE  SCR  111  CO  TO  MINIMIZE  ROOT  STRESSES  IN  CERAMIC 
TiMBINE  BLADES  BY  DESIGNING  FOR  HOH-TWlSTEO.  HELICALLY  AND 
CENTROIOALLV  STACKEO  BLAOC  SECTIONS.  WHILE  THIS  RESM.TS  IN  A 
CALCULATED  EFFICIENCY  PENALTY  OF  ABOUT  ONE  PERCENTAGE  POINT. 

TT*  BLADES  ARE  FREE  OF  TCMSIONAL  SHEAR  ANO  BENDING  STRESSES 
THEREBY  RESULTING  IN  A  PURE  TENSILE  STRESS  DUE  TU  CENTRIFUGAL 
LOADING.  AN  ANALYSIS  IS  ALSO  PRESENTED  OF  THE  TRAUE-OFF  BCTwElN 
RELIABILITY  ANO  EFFICIENCY  ANO  ThE  ADVANTAGE  FOR  A  THREE-STAGE 
AXIAL  TUMblNC  VERSUS  A  T  VO— STAGE  AXIAL  TURBINE. 
aERUOynahilsiauTunobIlES:  ii  (ceramics;  t.ioesIgn:  03:failurcs; 
gas  turdInes:  u  .oi  imateri  acs;  uaikeciabicitv:  u2;silicon 
nitr iocs: stresses:  03: Turk ine  blades:  ts:uses:  oaiverv  high 
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PAIENi:  TRAA6MXSSION  AND  CONTROL  SYSTEM 

A  VEHICULAR  GAS  UMbINt  ENGINE  POWER  SYSTEM  INCLUDES  AN  ENGINE* 
AM  AUTOMATIC  CLUTCH*  A  SERVICE  CLUTCH  ANO  AN  INFINITELY 
VAN  1  AttLE  1RAM»MISSI0N  COlPLED  SUCCESSIVELY  ALONG  A  POWER  TRAIN* 
A  VEH1LLL  CONTROL  SYSTEM  CONTROLS  ENGINE  SPEED*  TRANSMISSION 
RATIO*  ANO  AUTOMATIC  CLUTCH  ENGAGEMENT  |N  RESPONSE  TO  OPERATOR 
SELECTED  GROUND  SPEED  ANU  ENGINE  SPEED  COMMANDS  AS  WELL  AS 
OTHER  Vt Hi  CL  t  CONDITIONS*  THt  VEHICLE  CONTROL  SYSTEM  OPERATES 
*  ******;  MOLE  10  MAINTAIN  ENGINE  SPEED  AS  COMMANDED  bV  AN 
OPERATOR  Oft  IN  AN  AUTOMATIC  MODE  TO  MAINTAIN  AN  ENGINE  SPEED 
which  WILL  MIN IMI2E  PUEL  CONSUMPTION*  THE  TRANSMISSION  RATIO  IS 
CONTROLLED  F cP  F I  AE|>  RATE  VEHICLE  ACCELERATION  TOWARD  A 
COMMANDED  SPEED  IF  SUFFICIENT  POWER  IS  AVAlLAbLE*  OTHERWISE 
GROUND  SPEEO  IS  CUT  BALA  TO  MATCH  REQUIRED  POWER  WITH  AVAlLAbLE 
POWER*  HOWEVER.  GROUND  SPEED  CUTBACK  IS  LIMITED  AS  A  SAFETY 
FEATURE  AND  DISENGAGEMENT  OF  THE  AUTOMATIC  CLUTCH  PREVENTS 
ENGINE  STALL  WHEN  THE  ENGINE  BECOMES  OVERLOADED* 

automobiles:  miiccmtrol  equipment:  02 i design $gas  turbines: 

M2.U1  SOPtRATIOji^ 


ACCESSION  NO* 
TITLE 
AUTHORS 
TITLE! MONO  I 
EDITOR  OR  COMP 
SEC  REPT  NO 
PAGE  NO 
GDNF  TITLE 
CONF  PLACE 
CONF  DATE 
PUBL  LOC 
DATE 

CATEGORIES 
PRIMARY  CAT 

abstract 


DESCRIPTORS 


7VC0037 1  Mj 

CERAMIC  MEAT  EACH  ANGER  APPLICATIONS  ANO  DEVELOPMENTS 
PIE1SCM.  A.;  STVHR.  K. 

CERAMICS  FOR  Ml&M  PERFORMANCE  APPLICATIONS.  II 
HuREc.  J.J.i  LENOE.  E.N.i  KATE.  R.N.  (EOS.) 

CUF.F  -7  70  JBO - 

atis-jGs 

S.  ARMY  MATERIALS  TECHNOLOGY  CONFERENCE 
NEBPORT.  HI,  USA 
2  1  MAR  »V77 

BRUUX  MILL  PUBLISHING  CO..  CHESTNUT  MILL.  MA 
IV7B 

EOB-3203b«S200IOS;3b0200 

EUl-J*03b« 

The  PuIENTIAL  FOR  USING  CERANIC  NEAT  EXCHANGERS  TO  RECOVER 
■  ASTE  ME  A 1  IN  SELECTED  If®  US  TRIAL  PROCESSES  AND  IN  ThE  DIRECT 

combust icm  of  coal  is  discussed,  results  recenily  achieved  on 
TAD  experimental  programs  bmich  are  evaluating  silicon  carbide 

TUBES  IN  MEAT  EXCHANGER  APPLICATIONS  ARE  ALSU  DESCRIbEU. 
CERAMICSSlOnROSIUNIFLUE  GASiGAS  TURBINES  I  HEAT  E  ACHANGERS  (MEAT 
RtCOVtRT  EUUIPMENt:  T 3.0 1 .02  I INDUSTR 1 AL  PLANTS:  T2 1 MATERIALS: 
*35 MATERIALS  TESTING:  OB 5PERFON NANCE  TESTING:  03ISILICON 
CARblULS:  TblTHERMAL  POKER  PLANTS:  T I  (USES:  OS5  VERY  NIGH 
TEMPER A TUNE  I  HASTE  HEAT 
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NATURAL  GAS  RAS  ADAPTED  FOR  RESIDENTIAL  ANO  COMMERCIAL  HEATING 
THROUGHOUT  TFE  U.S.  JUST  PRIOR  ANU  AFTER  BORLO  BAR  II.  a  HEN  THE 
*A:>  PLENTIFUL  AND  THE  COST  BAS  LOB  AT  THE  BILLHEADS 
DISTRICT  HEATING  BOULO  HAVE  THt  SANE  POTENTIAL  NOB  IF  A 
PLENT  IF  LA..  IIEBUllvt  SUPPLY  OF  HEAT  BERE  AVAILABLE.  TfBE 
CLOSED-CYCLE  SAS  TURBINE.  B|TH  EITHER  A  NUCLEAR  OR  COAL  MEAT 
SUPPLY.  MEETS  IMIS  OBJECTIVE.  IT  CAN  PRODUCE  POBER  AT  NIGH 
Thermal  EFFICIENCIES  ANO  AT  CAPITAL  ANO  FUEL  COSTS  COMPETITIVE 
TO  PRtSENT-UAV  LARGE  CENTRAL  STATION  PLANTS  BHILE  SUPPLYING 
LARGE  AMOUNTS  OF  HEAT  FOR  DISTRICT  HEATING  BITH  NO  AOOITIONAL 
FV*L  ANO  MINIMAL  AOOITIONAL  CAPITAL  COSTS.  FURTHERMORE.  THIS 
POBER-CONVERSICM  SYSTEM  PROVIDES  HEAT  AT  A  TEMPERATURE 

Sufficiently  elevated  to  that  it  can  se  utilized  for  air 

CONDITIONING  IN  THE  SUMNER  AS  VELL  AS  REDUCING  TO  A  MINIMUM  THE 
SIZE  OF  PIPING  REUUIREO  IN  ITS  TRANSMISSION  ANO  DISTRIBUTION 
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D.H. ,  and  Cohn,  A.  Journal  of  Engineering  for  Power,  ASME  Vol .  103 
No.  1  January  1981. 

G.198  "The  Cine:  A  Concept  in  Vortex  Induced  Combustion  for  the  Solar 

Gemini  10  kW  G.T."  Skekleton,  J.R.  Journal  of  Engineering  for  Power, 
ASME  Vol.  103  No.  1  January  1981. 

G.199  "The  Influence  of  Recent  Heat  Transfer  Data  on  Gas  Mixtures  (He-Ar, 
H2-CO2)  on  Closed  Cycle  Gas  Turbines"  Pierce,  B.L.  Journal  of  Engi¬ 
neering  for  Power,  ASME  Vol.  103  No.  1  January  1981. 

G.200  "Water  Cooled  Gas  Turbines  Monometallic  Nozzle  Development"  Schilke, 
P.W.,  Blazek,  W.S.,  and  Shilling,  W.F.  Journal  of  Engineering  for 
Power,  ASME  Vol.  103  No.  1  January  1981. 

G.201  "The  Control  of  Hot  Corrosion  in  Marine  Gas  Turbines"  Conde,  J.F.G., 
and  McCreath,  C.G.,  Journal  of  Engineering  for  Power,  ASME  Vol.  103 
No.  1  January  1981. 

G.202  "Gas  Turbine  Engine  Disk  Reterement-for-Cause;  An  Application  of  Frac¬ 
ture  Mechanics  and  NDE"  Annls,  C.G.,  Van  Wanderham,  M.C.,  Harris, 
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Enough  Information  was  gathered  to  allow  the  determination  of  the 
efficiency  of  the  diesel  engine,  the  efficiency  of  the  diesel  power  system, 
acquisition  cost  of  the  diesel  engine,  the  acquisition  cost  of  the  diesel 
power  system,  lowest  expected  diesel  engine  weight,  average  weight  of  the 
diesel  engine,  total  weight  of  the  diesel  power  system,  volume  of  the  diesel 
engine,  and  volume  of  the  diesel  power  system.  The  data  sets  used  in  these 
analyses  are  reported  in  Table  7. 

Applying  the  least  squares  analysis  technique  to  these  data  sets  resulted 
in  the  following  functions  relating  the  systems'  size  and  these  parameters. 

Diesel  Engine  Efficiency  (DEF) 

DEF  -  2.8977  X  10**1  +  9.3745  X  10-3  (log  x)2  (11) 

where  x  -  size  in  kW 

Standard  Deviation  *  2.230  X  10~2 
Diesel  Energy  Conversion  System  Efficiency  (DPSE) 


DPSE  -  2.4570  X  10  *  +  3.3700  X  10  ‘  (log  x) 

Standard  Deviation  -  1.520  X  10" 2 
Diesel  Engine  Acqusltlon  Cost  (DEAC) 

DEAC  -  1.6391  X  103  -  1.1393  X  103  (log  x)  +  2.2016  X  102  (log  x) 
Standard  Deviation  *  1.087  X  102 

The  Installed  Cost  of  the  Diesel  Power  System  (TSC) 


TSC  -  3.7202  X  10J  —  7.5163  X  10‘  (log  x) 
Standard  Error  *  2.340  X  102 
Lowest  Expected  Diesel  Engine  Weight  (LEW 


LEW  -  8.4220  X  101  —  5.3861  X  10*  (log  x)  +  9.4000  (log  x) 
Standard  Deviation  -  2.400 
The  Average  Weight  of  the  Diesel  Engine  (AWD 


AWD  -  1.2554  X  10‘  -  7.8586  X  10*  (log  x)  +  1.2992  X  104  (log  x) 
Standard  Deviation  -  7.100 


HL 


Table  7.  DATA  USED  IN  STATISTICAL  ANALYSIS  FOR  DIFFERENT  PARAMETERS 
OF  THE  TURBOCHARGED  31  DIESEL  ENERGY  CONVERSION  SYSTEMS 


Seasoning  generator  cost  Is  102  of  the  (generator  and  engine)  cost. 

^selected  fron  plotting  the  available  data  and  visually  drawing  a  curve  through  it  which  represents  average  values  for  each 
case  and  then  reading  the  values  from  the  curve. 


The  Total  Weight  of  the  Diesel  Power  System  (TWS) 


TWS  -  2.3918  X  10‘  —  1.3201  X  10“-  (log  x)  +  2.0230  X  10*  (log  x) 
Standard  Deviation  -  3.100 


Volume  of  the  Diesel  Engine  (VDE) 

VDE  -  1.1738  —  6.075  X  10"1  (log  x)  +  8.9900  X  10~2  (log  x)2 
Standard  Deviation  *  3.070  X  10~2 
Volume  of  the  Diesel  Power  System  (VDPS) 


VDPS  -  4.7218  —  2.5974  (log  x)  +  3.9460  X  10  A  (log  x)A  (19) 

Standard  Deviation  *  1.054  X  10~* 

Predicted  values  based  on  Equations  11  through  19  at  different  sizes  are 
shown  In  Table  8.  Equations  11  through  19  are  also  plotted  along  with  the 
corresponding  data  in  Figures  8  through  16,  respectively. 

Information  on  other  diesel  power  system  parameters  such  as  start-up  and 
shutdown  times,  operation  and  maintenance  cost,  lifetime  and  time  between 
major  overhauls  la  scarce  and  not  enough  to  allow  meaningful  statistical 
analysis.  Consequently,  a  judgement  is  made  based  on  the  information 
available  for  these  parameters,  and  the  results  are  stated  below. 

Start-up  Time 

From  cold  start  to  full  load  «  60-180  sec.  (Depending  on  ambient 
conditions) 

From  stand-by  position  -  5-10  sec. 

Shutdown  Time 

Cool-down  time  to  ambient  ■  300  sec. 


Shutdown  time  ■  2  sec 
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Flgure  8.  DIESEL  ENGINE  EFFICIENCY  VEKSUS  SIEE 
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Figure  10.  DIESEL  ENGINE  ACQUISITION  COST  VERSUS  SIZE 
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Figure  12.  DIESEL  ENGINE  LOWEST  WEIGHT  VERSUS  SIZE 


diesel  engine  average  weight  versus  size 


Figure  14.  WEIGHT  OF  DIESEL  ENERGY  CONVERSION  SYSTEM 

VERSUS  SIZE 


Figure  15.  DIESEL  ENGINE  VOLUME  VERSUS  SIZE 


Ourrtloa  and  Maintenance  Cost 

The  valuu  are  In  the  rang*  of  0*15  to  l.S  mills/kWHr.  However ,  as  of 
now,  not  enough  Information  ia  available  to  determine  the  06M  cost  as  a 
function  of  plant  sixe,  plant  age,  and  frequency  of  start/stop. 

Lifetime 

The  average  operational  lifetime  of  a  diesel  engine  is  expected  to  be 
about  20  operating  years.  During  that  period  it  requires  about  four  major 
overhauls.  Time  between  major  overhauls  la  10,000  to  30,000  hours.  The  exact 
Lifetime  and  the  exact  number  of  required  overhauls  depends  on  many  factors 
among  which  are: 

(1)  Start/stop  frequency 

(2)  Environmental  effects  such  as  weather  and  dust  loading  of  the  air 

(3)  Manufacturing  specifications. 

Mobility 

Systems  of  leas  than  1  MW  sixes  are  mobile.  Systems  up  to  about  10  MW 
are  transportable  as  major  blocks.  Reconnection  of  these  blocks  is  required 
at  the  site. 


Other  Energy  Production 

Thermal  energy  can  be  recovered  from  the  engine's  jacket  cooling  water  in 
the  form  of  hot  water  which  nay  be  used  for  district  heating.  Thermal  energy 
may  be  recovered  elso  from  the  engine's  exhaust  in  the  form  of  saturated  or 
superheated  steam  which  may  be  used  for  different  applications  in  addlltlon  to 
district  heating. 

Other  Parameters 

locational  and  operational  constraints,  reliability,  and  environmental 
factors  ere  presented  In  Thbles  9,  10,  11,  and  12,  respectively. 


Table  9.  DIESEL  ENERGY  CONVERSION  SYSTEM  LOCATION  CONSTRAINTS 


Constraint  Effects 


Remarks 


1.  Hater  Requirement 


Only  for  water  cooled  systems 
and  amount  required  is  small 


2.  Manning  Requirements 


Fully  automated,  require 
minimum  attention  and  normal 
inspection 


3 .  Fuel  Availability 

and  Delivery  • 


4.  Fuel  Storage  • 


S.  Other  0 


Diesel  uses  liquid  fuels  which  are 
becoming  more  expensive  and  may 
be  in  short  supply  in  the 
future.  Delivery  is  normally  by 
trucks  which  is  effected  by 
weather  and  road  conditions 

Adequate  storage  is  required 
especially  in  remote  areas  due  to 
availability  and  delivery  problems 

Metropolitan  siting  could  be  a 
problem  mainly  because  of  noise 
and  the  emission  of  cancer  causing 
chemicals  which  may  be  absorbed  on 
the  particulate  emissions 


Overall  Assessment:  The  ordinal  score  is  3  indicating  average  locational 
constraints. 
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Table  10.  DIESEL  ENERGY  CONVERSION  SYSTEM  OPERATION  CONSTRAINTS 


Constraint  Effect 

1.  Part-Load  Capability  0 

2.  Overload  Capability  0 

3.  Load  Following 

Capability  0 


Remarks 


Part-load  operation  on  moat  models 
possible.  However,  the  efficiency 
is  slightly  reduced  at  part-loads 

Overloading  is  possible  but  not 
recommended  on  prolonged  basis. 

It  also  reduces  the  efficiency 


Delayed  response.  Frequent,  rapid 
load  changes  reduces  the  life  of 
the  system 


Overall  Assessment:  The  ordinal  score  is  4  indicating  moderate  turn-down 
capability,  moderate  efficiency  penalty. 
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Table  11.  DIESEL  ENERGY  CONVERSION  SYSTEM  RELIABILITY 


_ Constraint _  Effect  _ _ Remarks _ 

1.  Moving  Parts  •  Major;  contains  numerous  moving 

parts 

2.  Operating  Temperature  0  Minor;  operates  at  moderately  high 

temperatures 

3.  Modularity  of  the  Design  •  Major;  system  Is  non-modular.  A 

component  failure  could  result  In 
a  total  shutdown  ' 

4.  Stress  Levels  0  Minor 

5.  Corrosion  0  Minor 

6.  Other  0  Thermal  cycling 

Overall  assessment:  The  ordinal  score  is  3  Indicating  average  reliability. 
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Table  12.  DIESEL  ENERGY  CONVERSION  SYSTEM  ENVIRONMENTAL  CONSTRAINTS 


Overall  Assessment:  The  ordinal  score  Is  1  Indicating  aoderate  potential  environmental  constraint 
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Energy  Conversion  System:  Diesel  Engine-Turbocharged 

Parameter:  Efficiency 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 


System  Ref. 

Study 

Operating  Plant 

Size.  kW 

Advanced  State  of  the  Art 

D.  19 

45 

2(10,000) 

Maximum-Low  speed  -  marine 
diesel  units 

D.  32 

80 

4000-6000 

Isentrdpic  value 

D.  68 

41 

Fuel  to  shaft  power 

D.  84 

35 

820 

Gas  engine-Cooper  Energy 
Services  Superior  8GTL 

D.  49 

26-36 

Car-Engine  100Z  load 

20-35 

25Z  load 

18-32 

10Z  load 

D.  54 

41 

1120 

BVM  628  model,  8  cylinder 

d;  69 

36 

Typical  value 

D.  57 

34 

D.  64 

39 

D.  39 

38.8 

Based  on  Caterpillar  engine 
model  #D-334  using  #2 

Diesel  oil. 

D.  43 

38.0 

32.0 

Sulzer  Engine  Model  8-ASL- 
25/30  burning  #6  fuel  oil. 
Superior  Engine  Model 
40-X-16  burning  #6  fuel  oil 

D.  90 

40 

2000 

D.  90 

40 

5000 

D.  96 

32.1 

32.4 

200 

900 

Include  engine,  generator, 
radiator  fan  at  rating 

■'Ul‘ 


DATA  SHEET 

Energy  Conversion  System:  Diesel  Engine-Turbocharged  (Continued) 

Parameter:  Efficiency 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Studv  Operating  Plant  Size.  kW  Advanced  State  of  the  Art 


Calculated  from 
sales  brochures 
provided  by 
manuf ac turers 
in  response 
to  questionnaires 
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Energy  Conversion  Systea:  Diesel  Engine-Turbocharged 
Parsaeter:  Voluae/Slse  (Ft3/Kw> 

Energy 

Conversion  Parsaeter  Value  Plant  Assumptions  of 

Systea  Ref.  Study  Operating  Plant  Size.  kW  Advanced  State  of  the  Art 


19 

3.15 

10,000 

64 

0.24 

58 

0.11 

96.9 

"ERDA  Car" 

16 

4.25 

10 

16 

6.94 

5 

91 

0.82 

200 

60  HZ-stand-by  operation- 

0.75 

285 

shipping  volume 

0.78 

420 

0.73 

560 

1.17 

765 

1.57 

800 

1.44 

1040 

1.86 

1050 

1.04 

235 

92 

0.44 

2100 

16-251  -  F  model 

0.40 

2310 

0.35 

2675 

0.41 

2250* 

0.37 

2500* 

0.32 

2950* 

0.54 

1675 

0.53 

1720 

0.46 

2000 

0.51 

1800* 

0.49 

1865* 

0.41 

2200 
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Energy  Conversion  System:  Diesel  Engine-Turbocharged  (continued) 

Parameter:  Volume/Size  (Ft3/Kw) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size.  kW  Advanced  State  of  the  Art 


0.38 

2000 

0.34 

2200* 

0.60 

1250 

0.58 

1300 

0.48 

1575 

0.43 

1750 

0.51 

1460* 

0.50 

1500* 

0.41 

1825 

0.37 

2020* 

0.57 

1320 

0.51 

1460 

0.50 

1500 

0.45 

1675 

0.54 

2050 

0.52 

2100 

0.43 

2550 

0.39 

2800 

0.49 

2250 

0.47 

2350 

0.39 

2830 

0.35 

3135 

0.64 

830 

0.61 

860 

0.51 

1040 

0.46 

1160 

0.59 

900* 

0.57 

9  301 

0.47 

1125* 
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Energy  Conversion  System:  Diesel  Engine-Turbocharged  (continued) 


Parameter:  Voluse/Size  (Ft3/Kw) 


Energy 
Conversion 
System  Ref. 

D.  92 


D.  94 


Psrsmeter  Vslue  Plant 

Study  Operating  Plant  Site,  kW 


0.42 

1250* 

0.67 

800 

0.62 

865 

0.53 

1000 

0.63 

850* 

0.57 

935* 

0.49 

1100* 

0.78 

635 

0.75 

660 

0.62 

800 

0.71 

700* 

0.68 

725* 

0.58 

850* 

0.99 

75 

0.74 

100 

0.68 

135 

0.72 

150 

0.64 

200 

0.52 

250 

0.82 

90* 

0.64 

115* 

0.55 

165* 

0.62 

173* 

0.56 

230* 

0.45 

288* 

1.14 

10,700 

1.27 

12,840 

1.48 

14,980 

1.57 

17,120 

1.66 

19,260 

Assumptions  of 
Advanced  State  of  the  Art 


Diesel  Generator  set- 
MWM  Murphy  60  HZ  with 
Turbochanging 


Fairbanks-Morse  Engine 
Division.  Stationary 
Engines  "Doe  not  mention 
turbochanging" 


123 


DATA  SHEET 


Energy  Conversion  System:  Diesel  Engine-Turbocharged  (continued) 
Paraaeter:  Volume/Size  (Ft3/Kw) 


Energy 
Conversion 
Systea  Ref. 


Paraaeter  Value  Plant 

Study  Operating  Plant  Size,  kW 


Assumptions  of 
Advanced  State  of  the  Art 


D,  94 


Detroit  Diesel  Allison 
Engines.  Stand-by 
Electric  Set  Generator 
Sets.  Turbocharged 


Jacket  Water  Intercooler 


Jacket  Water  Intercooler 

Dentz  KHD  Diesels,  turbo¬ 
charged,  All  with  charge 
air  cooling 
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Energy  Conversion  System:  Diesel  Engine-Turbocharged  (continued) 
ParaSMter:  Voluae/Size  (Ft3/Kw) 


p  % 

;\ 

Energy 

Conversion 

Parameter  Value 

Plar 

r  * 

1km 

System  Ref. 

Study  Operating  Plant 

Size. 

■ 

D.  94 

0.45 

3295 

£': 

0.59 

4940 

L-  ' 

0.57 

6590 

2.66 

625 

i 

2.16 

780 

1.65 

1040 

1.44 

1400 

1.39 

1575 

■nSm 

• 

1.20 

2100 

H  ■,* 

lV 

1.09 

2550 

l',4 

2.42 

685* 

CV 

/,* 

1.86 

910* 

i  « 

1.52 

1130* 

K  % 

1.26 

1595* 

r-'i 

1.20 

825* 

1.11 

2260* 

■ 

0.97 

2850* 

1.74 

700 

& 

1.29 

1075 

•> 

1.12 

1400 

■in 

1.32 

1100 

1.00 

1650 

0.86 

2200 

» 

0.85 

2250 

3 

0.81 

2580 

0.78 

2700 

0.99 

650 

1.93 

800 

►  -4 

§ 

1.60 

1000 

/•  .V> 

/ •  V  4 

2.79 

1650 

. : 

/,• 

a 

* 

[*•!.***.  -■  •V-'.-  v 
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Assumptions  of 
Advanced  State  of  the  Art 


Bombardier  Inc.  Turbo¬ 
charged  Diesel 


Stewart-Stevenson 
Does  not  mention 
Turbocharging 


Housed  units 
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Energy  Conversion  System:  Diesel  Engine-Turbocharged  (continued) 
Parameter:  Volume/Size  (Ft3/Kw) 


Energy 
Conversion 
System  Ref 


DATA  SHEET 


Diesel  Engine-Turbocharged  (continued) 


Energy  Conversion  Systea: 

Paraaater;  Voluae/Size  (Ft3/Kw) 

Energy 

Conversion  Paraneter  Value 

Systea  Ref.  Study  Operating  Plant 

D.  94  0.55 

0.55 

0.58 

0.52 

1.44 

1.02 

0.99 

1.09 

1.01 

0.81 

0.75 

0.60 

0.55 

0.44 

0.41 

0.46 

0.42 

0.16 

0.13 

D.  95  0.95 

0.23 

0.76 

0.85 

0.85 

0.68 

0.74 

0.62 

0.24 

0.23 

0.23 


Plant  Assumptions  of 

Size.  kW  Advanced  State  of  the  Art 

1250 

1920 

1540 

2060 

685 

965 

1290 

960 

1280 

1325 

1765 

1820 

2425 

2205 

2940 

4410 

5880 

156 

184* 

108 

135* 

175 

200* 

200 

250* 

230 

275* 

63 

70 

95 


Allis  Chalmers 
Complete  Power  System 
Turbocharged 


Allis  Chalmers 
Diesel  Engine  only 
Turbocharged 
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Energy  Conversion  System:  Diesel  Engine-Turbocharged  (continued) 
Parameter:  Volume/Size  (Ft3/Kw) 


Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref .  Study  Operating  Plant  Size.  kW  Advanced  State  of  the  Art 


D.  95 


D.  96 


0.16 

109 

0.24 

121 

0.27 

157 

0.30 

231 

0.24 

291 

0.22 

315 

0.55 

200 

0.46 

900 

Including  generator 
using  overall  dimensions 


*  stand-by  operation 
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Energy  Conversion  System:  Diesel  Engine-Turbocharged 

Parameter:  Weight  (Lbs/Kv) 

Energy 

Conversion  Parameter  Value  Plant  Assuoptlons  of 

System  Kef.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 

D.  19 

100 

10,000 

D.  54 

13.9-15.4 

1120 

D.  58 

6.00 

96.9 

"ERDA  Car" 

D.  16 

124 

10 

For  power  generation 

180 

5 

For  power  generation 

D.  39 

14.5 

165 

Based  on  Caterpillar 

Engine  Model  #D-334  using 

#2  Diesel  Oil 

80 

2000 

Generator  and  Engine 

D.  90 

48 

5000 

only 

D.  91 

23.3 

200 

600  HZ-Stand-by  Operation 

19.7 

285 

24.05 

420 

17.8 

560 

21.4 

765 

22.2 

800 

20.5 

1040 

21.6 

1050 

25.7 

235 

25.5 

140 

20.7 

220 

60  HZ-Stand-by  Operation 

Basic  Engine  Weight  vs 

19.7 

440 

Maximum  kW  rating  at 

16.2 

580 

P.F.  -  1.0 

17.7 

800 

17.1 

1070 

15.1 

670 

18.5 

335 

129 
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Energy  Conversion  System:  Diesel  Engine-Turbocharged  (continued) 

Parameter:  Weight  (Lbs/Kv) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 


System  Ref.  Study  Operating  Plant 

Dry  Weight 

D.  91  17.0 

17.8 

D.  92  Dry  Weight  Other 


20.3 

21.1 

18.9 

19.7 

18.4 

19.2 

17.0 

17.8 

15.9 

16.6 

14.4 

15.1 

25.4 

26.5 

23.6 

24.7 

24.7 

25.8 

22.8 

23.8 

21.3 

22.2 

19.3 

20.2 

16.7 

17.4 

15.2 

15.8 

26.8 

27.8 

22.9 

23.8 

25.7 

26.8 

22.3 

23.2 

21.2 

22.1 

18.3 

19.1 

19.2 

20.0 

16.5 

17.2 

25.3 

26.4 

22.9 

23.8 

22.3 

23.2 

20.0 

20.8 

Site,  kW  Advanced  State  of  the  Art 

1100 

825 

2100 

2250* 

2310 

2500* 

2675 

2950* 

1675 

1800 

1720 

1865* 

2000 

2200* 

2000 

2200* 

1250 

1460* 

1300 

1500* 

1575 

1825* 

1740 

2020 

1320 

1460 

1500* 

1675* 


130 


DATA  SHEET 


© 


Energy  Conversion  System:  Diesel  Engine-Turbocharged  (continued) 

Parameter:  Weight  (Lbs/Kv) 


Energy 
Conversion 
System  Ref. 

D.  92 


D.  93 


Parameter  Value  Plant 

Study  Operating  Plant  Size,  kW 


Weight 

Other 

24.5 

25.7 

2050 

23.9 

25.1 

2100 

22.3 

23.4 

2250 

21.4 

22.4 

2350 

19.7 

20.7 

2550 

17.9 

18.8 

2800 

17.7 

18.6 

2830* 

16.0 

16.8 

3135* 

31.1 

32.6 

830 

30.1 

31.5 

860 

28.7 

29  1 

930* 

24.9 

26.0 

1040 

23.0 

24.0 

1125* 

22.3 

23.3 

1160 

20.7 

21.6 

1250* 

28.7 

31.0 

800 

27.0 

29.2 

850* 

26.5 

28.7 

865 

24.5 

26.5 

935* 

23.0 

24.8 

1000 

20.9 

22.6 

1100* 

36.1 

39.1 

635 

34.8 

35.4 

700* 

31.6 

34.2 

725* 

28.7 

31.0 

800 

27.0 

29.2 

850* 

42.5 

44.0 

2000 

35.5 

36/6 

2650 

40.7 

42.2 

2000 

Assumptions  of 
Advanced  State  of  the  Art 


Marina-Electric 

Stationary 
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Energy  Conversion  Systea:  Diesel  Engine-Turbocharged  (continued) 

Paraaeter:  Weight  (Lbs/Kw) 


39.4 

12840 

39.7 

14980 

38.6 

17120 

37.7 

19260 

25.5 

140 

20.7 

220 

19.0 

290 

18.5 

335 

19.7 

440 

16.2 

580 

15.1 

670 

17.7 

800 

17.8 

825 

17.1 

1070 

17.0 

1100 

10.0 

355+ 

9.5 

475+ 

9.0 

710+ 

8.4 

950+ 

Detroit  Diesel  Allison 
Engines-Turbocharged 
Stand-by  Units 


Jacket  Water  Cooler 


Jacket  Water  Cooler 

Deutz  KHD  Diesels, 
Turbocharged  with  Charge 
Air  Cooling 

+  (Two  Stage  Coabustion) 
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Energy  Conversion  System:  Diesel  Engine-Turbocharged  (continued) 

Paraaeter:  Weight  (Lbs/Kw) 


Energy 

Conversion 

Parameter  Value 

Plant 

System  Ref. 

Study  Operating  Plant 

Size.  kW 

D.  93 

Drv  Weight  Other 

17.2 

1100 

D.  9A 

15.8 

1650 

16.3 

2200 

15.5 

1170 

15.1 

1560 

14.6 

1755 

14.4 

2340 

13.8 

3120 

11.2 

3795 

11.3 

4430 

11.0 

5060 

10.6 

5695 

25.9 

2470 

24.8 

3295 

21.4 

4940 

20.1 

6590 

81.8 

625 

64.9 

780 

52.9 

1040 

48.8 

1400 

43.4 

1575 

38.8 

2100 

35.4 

2550 

74.0 

685* 

55.7 

910* 

48.7 

1130* 

42.8 

1595* 

37.4 

1825* 

Assumptions  of 
Advanced  State  of  the  Art 


Bombardier  Inc.  Turbo¬ 
charged  Diesel 
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Energy  Conversion  System:  Diesel  Engine-Turbocharged  (continued) 

Parameter:  Weight  (Lbs/Kw) 


Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Site,  kW  Advanced  State  of  the  Art 


D.  94 


36.1 

2260* 

31.7 

2850* 

116.7 

30 

79.2 

48 

63.3 

60 

55.6 

72 

42.5 

100 

45.5 

112 

43.0 

128 

35.6 

160 

43.3 

4860 

43.5 

6075 

44.4 

7290 

43.3 

8505 

42.1 

9780 

41.7 

10935 

41.0 

12150 

Stewart  and  Stevenson 
Does  not  mention  turbo¬ 
charging.  System  for  Air¬ 
line  Ground  Skid  Mounted 
Units 


Grand  Motor!  Trieste 
Turbo-charged  Diesel 
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data  sheet 


En«rty  Conversion  System:  Diesel  Engine -Turbocharged  (continued) 

Parameter:  Weight  (Lbs/Kw) 


Energy 

Conversion  Parameter  Value  Plant 

System  Ref.  Total  Wt.  Eng.  Wt.  Gen.Wt.  size.  kW 


61.1 

20.5 

40.6 

635 

52.4 

18.5 

33.9 

950 

46.0 

16.3 

29.7 

1270 

42.2 

15.8 

26.4 

1905 

38.7 

14.7 

24.0 

2540 

92.9 

32.2 

60.7 

515 

85.7 

30.1 

55.6 

630 

81.2 

28.3 

52.9 

770 

73.5 

26.5 

47.0 

1030 

86.9 

31.8 

55.1 

1200 

77.1 

28.7 

48.4 

1820 

70.5 

26.9 

43.6 

2425 

67.9 

25.9 

42.0 

2725 

61.1 

23.3 

37.8 

3610 

56.3 

21.8 

34.5 

4850 

54.5 

21.4 

33.1 

5455 

Wt. Flywheel  W/0  Flywheel 

1.35 

21.6 

740 

1.04 

16.7 

960 

0.78 

14.7 

1290 

1.69 

23.1 

590 

1.00 

14.2 

1000 

0.76 

13.6 

1320 

0.50 

12.0 

2000 

2.27 

27.3 

1320 

1.69 

26.6 

1770 

1.11 

22.2 

1800 

0.83 

21.7 

2400 

0.74 

21.1 

2700 

0.56 

20.0 

3600 

Assumptions  of 
Advanced  State  of  the  Art 


I 


Krupp  Mak  Maschlnen  bau 
GMbH  Turbocharged  Diesel 
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Energy  Conversion  System:  Diesel  Engine-Turbocharged  (continued) 

Paraaeter:  Weight  (Lbs/Kv) 


Energy 

Conversion  Parameter  Value  Plant 

System  Ref.  Study  Operating  Plant  Size,  kW 


Wt.  Fly-  W/0 
Wheel  Flywheel 


0.42 

19.2 

4800 

2.25 

28.1 

3200 

1.69 

28.2 

4250 

1.00 

31.0 

7230 

1.09 

27.7 

3680 

0.82 

27.4 

4890 

0.72 

28.3 

5520 

0.54 

27.7 

7360 

0.44 

29.8 

9000 

0.73 

38.2 

5500 

0.55 

37.1 

7280 

0.49 

35.2 

8240 

148.5 

1.35 

125.0 

1.60 

95.2 

3.70 

62.2 

7.5 

67.8 

5.20 

Assumptions  of 
Advanced  State  of  the  Art 


Kirloskar  Diesels 
Does  not  mention  turbo¬ 
charging.  Data  is  presented 
here  for  model  with  least 
weight  per  kW.  Units  are 
either  water  cooled  or 
air  cooled. 


DATA  SHEET 


Energy  Conversion  System:  Diesel  Engine-Turbocharged 

Parameter:  Weight  (Lbs/Kw) 


Energy 

Conversion 


System  Ref. 


D.  94 


Parameter  Value  Plant 

?  Operating  Plant  Size,  kW 

Other 


36.1 

68.1 

57.4 
49.7 

36.5 

38.5 

39.2 

33.3 
35.0 

31.1 
28.0 
31.9 

28.3 

25.5 

30.7 

27.1 

24.5 

29.1 

25.8 

23.2 


16.8 

115.2 

152.9 
214.0 
177.5 

190.9 

254.3 
880 
990 

1100 

1175 

1325 

1470 

1760 

1990 

2200 

2350 

2650 

2940 


Synchrous  Driving 
Gene  rator  Motor 


39.9 

64.0 

21 

30.8 

36.3 

30 

19.0 

30.0 

44 

15.0 

18.7 

100 

12.9 

19.3 

60 

13.0 

13.2 

200 

15.6 

16.9 

300 

34.6 

630 

Assumptions  of 
Advanced  State  of  the  Art 


Brons  Industri  Turbo 
Diesels 


Pezetel.  Does  not  mention 
turbocharging 
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MWM:  Morten-Werke  Manheim 
AG.  Diesel  with  Turbocharging 


DATA  SHEET 


Energy  Conversion  System:  Diesel  Engine-Turbocharged  (continued) 

Parameter:  Weight  (Lbs/Kw) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 


System  Ref.  Study  Operating  Plant 

Synchrous  Driving 
Generator _ Motor 

D.  94  25.0 

17.2 

33.0 

23.5 

16.1 

16.1 
15.0 

55.1 
40.7 

40.5 

59.4 

55.6 
43.9 

41.2 
35.1 

32.3 
24.0 

22.5 

19.0 

18.0 

Basic 

Weight 

D.  94  19.1 

17.4 

14.7 

16.5 
13.9 

11.8 
10.8 
12.0 


Size,  kW  Advanced  State  of  the  Art 

630 

1440 

840 

1250 

1920 

1540 

2060 

685 

965 

1290 

960 

1280 

1325 

1765 

1820 

2425 

2205 

2940 

4410 

5880 

51  John  Deere 

56 
85 
106 
173 
106 
167 
266 
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DATA  SHEET 


Energy  Conversion  System:  Diesel  Engine-Turbocharged 
Parameter:  0  &  M  Cost  (all  in  1980  $) 


Energy 
Conversion 
System  Ref. 


Parameter  Value  Plant 

Study  Operating  Plant  Size,  kW 


Assumptions  of 
Advanced  State  of  the  Art 


D.  83  28.96  $/truck  1st  year  Diesel  trucks 

54.70  $/truck  2nd  year  averages  for  25  truck 

84.83  $/truck  3rd  year  fleet 

120.92  $/truck  4th  year 

D.  69  0.83  Mills /KwHr  746  Read  from  a  curve 

0.30  Mills /KwHr  2238 

0.16  Mills/KwHr  5968 


D.  90  1.5  mills /kWhr 

2000-5000 


X.J 
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Energy  Conversion  System:  Diesel  Engine-Turbocharged 

Parameter:  Acquisition  Cost  ($/Kw)  (ln  1980  dollars) 


Energy 
Conversion 
System  Ref. 

Parameter  Value 
Study  Operating  Plant 

Plant 
Size,  kW 

Assumptions  of 

Advanced  State  of  the  Art 

D.  19 

900 

20,000 

Installed  cost 

D.  16 

637 

10 

D.  16 

1027 

5 

D.  43 

326 

1500 

Engine  and  Generator 
(Superior  40-X-16  model) 

1118 

1500 

Total  Installed  Cost-Co¬ 
generation  Application 
(Superior  40-X-16  model) 

D.  90 

350 

2000 

Engine  and  Generator  Only 

320 

5000 

Engine  and  Generator  Only 

D.  96 

140.6 

137 

200 

900 

Include  generator,  radiator 
starting  and  assortment 
of  Optional  Attachments 
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Energy  Conversion  System:  Diesel  Engine-Turbocharged 


Parameter:  Lifetime  (Hours  of  operation) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


D.  33  9000 


D.  85 


D.  23 


20,000 

24,000 

20,000-30,000 


Between  major  overhauls- 
used  for  pumping  high  wax 
oil 

Between  major  overhauls 
(railroad  application) 

Marine  applications 

Between  major  overhauls 
(military  applications) 


D.  43  20,000 

to  30,000 


Between  Major  overhauls 
(20  yrs  life)  cogeneration 
application 


D.  90 


D.  96 


10,000 

Between  major  overhauls 

expected  by  Detroit 

Diesel  Allison 

15,000 

200 

Between  major  overhauls 

15,000 

900 

Between  major  overhauls 
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Energy  Conversion  System:  Diesel  Engine-Turbocharged 
Parameter:  Operational  Constraints 


Constraint 


Energy  Conversion  Systems  Reference 

Studies  Operating  Plants 


Environmental 

Thermal  Discharge 
Air  Pollution 


Solid  Waste 
Chemical  Waste 


Location 

Water  Requirements 
Manning  Requirements 
Fuel  Delivery 
Solar  Insolation 
Wind  Requirement 
Metropolitan  Siting 
Electrical  Power  Requirement 

Operational 

Part  Load  Efficiency 
Part  Load  Capability 
Solar,  Wind  Dependence 
Overload  Capacity 
Load  Following 
Life  Dependence  on  Cycling 


DATA  SHEET 


Energy  Conversion  System:  Diesel  Engine-Turbocharged 
Parameter:  Startup/Shutdown  Time  (minutes) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


D.  57  1-3 

D.  91  v  <0.10-0.13 

0.05-0.10 

D.  90  <10 

5 

D.  95  0.08-0.17 

D.  96  0.17 

0.17 
.033 
.033 


From  cold  start  to  full 
load 


200-1050 

Start-up 

Time 

200-1050 

Shutdown  Time 

Start-up 

Cool  Down 

Start-up  Timt 

200 

Start-up 

Time 

900 

Start-up 

Time 

200 

Shutdown 

Time 

900 

Shutdown 

Time 

DATA  SHEET 


Energy  Conversion  System:  Diesel  Engine-Adiabatic 


Parameter: 

Lifetime,  Hrs. 

Energy 

Con vers ion 
System  Ref. 

Parameter  Value 
Study  Operating  Plant 

Plant 
Size.  kV 

Assumptions  of 
Advanced  State  of  the  Art 

D.  53 

350 

Testing  of  prototype  unit 
at  up  to  2500  PSI  peak 

pressure 
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NT1S.  PC  AVV/k'F  AOI. 

Out  AU1UMOI1VE  TECHNOLOGY  DtVELDnMbkl  CONI kJcTokS  COORDINATION 
MEET  1  No 

OtAHuOKk,  Ml .  USA 
23  OCT  1V7V 
IV7G 

EUg-ssogCO I 3.0203 
CC*t-3sOCCw 

CUNF-7V10O2 - (  SUMM.  | 

1»E  MAIN  GOAL  of  the  program  is  to  provide  the  linkage  metmlen 
advanced  HEAT  ENGINE  1ECFM0CUGV  DEVECUPMENI  and  1ECHNOCUGY  USE 
LEADING  IO  ACCELERATED  COMMERCIALISATION.  tlonT  PnuGnAMS  IN  TnF 
Out  AUlukUIIVE  TECHNOLOGY  OfcVcLOPMENl  DIVISION  ARL:  INTERCITY 
AND  URUAN  GAS  TUkblNF.  BUS  DEMONSTRATIONS;  lURbuCUMPOOND  DIESEL 
TIAiLK  DEPONSTRAT I  UN*  RANK  I ME  Bull  DM ING  CYCLE  OL VtLUPMt NT  J 
CClYTkOLLcD  SFELD  ACCESSORY  DNIVE  DEMONSTRATION;  AUVANCcU 
TRANSMISSION  DEVELOPMENT {  DIESEL  EMISSION  TLCHNOLUgV;  AND 
TECHNOLOGY  ASSESSMENIS. 

COMMeHL I ALl Z AT  ION .DEMONS  THAT  ION  PROGRAMS ID IE  StL  ENol NE  Sit  AHA  US  T 
GA&ESIHEaT  ENG 1NESIPL ANN 1NG1 RANK I Nt  CYCLE SKt si-RRcn  PROGRAMS:  Gi: 
REV  1 caS ■ TECHMILOGV  ASSESSMENT:  Gl (VEHICLES:  Tl 
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8U.00B.OAS 

SIMPLt  ECONOMIC  EVALUATIUN  AND  APPLICATIONS  EAPLRIMEnIS  Flic 
PFUTOVULTAIC  SYSTEMS  FOR  MEMwTL  SlTcS 
RIOS.  M.  JR. 

SAND  I A  NATIONAL  LABS..  ALUUUUtkUUt .  NM  (USAl 
A7 

Nils.  PL  A03/MF  AOI. 

ClMTRALT  AC0A-7BDP007BV 
IWii 

EOB-lAGbVb 
CDb-i awbvo 
SAND  —  B  O  -0  7  *  VC 

A  SIMPLE  EVALUATION  OF  THE  COST  EFFECT IVENcSS  JF  PHGTuVOlTFIC 
systems  is  presented,  the  evaluatiun  is  based  on  a  calculation 
OF  BREAKcVEN  COSTS  OF  PHUTOVOlTAICS  (PV>  AhkAVs  Klin  Tn£ 
LEVclIEEO  COSTS  OF  TkO  ALTERNATIVE  CNLNgV  SOURCES  III  LXUkSll'N 
OF  The  UTILITY  GRID  AND  121  ultScL  GENERATORS.  A  SELECTED 
NUMBER  OF  PY  APPLICATIONS  EXPERIMENTS  THAT  ARC  IN  PROGRESS  IN 
REMOTE  AREAS  OF  The  US  ARE  SUMMARISED.  THESE  APPLICATIONS 

Experiments  range  from  a  23  bait  insect  survey  trap  to  a  icr  r» 
PV  system  FOR  A  NATIONAL  PARR  COMPLEX.  IT  Is  CONCLUDED  THAT  PV 


*  M*  V.  «JV*W  "u  L  V.  --  ^M  '»  ^  “K  "N  ■ 
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SYSTEMS  FOR  REMOTE  AREAS  ARE  NOS  COST  EFFECTIVE  IN  REMOTE  SMALL 
APPLICATIONS  VlTM  COMMERCIALLY  AVAILABLE  TECHNOLOGY  AND  SILL  hi 
COST  COMPETITIVE  FOR  INTERMEDIATE  SCALE  SYSTEMS  I  APPROX.  1C  AS  I 
IN  THE  I Coos  IF  the  doe  ivbg  commercial  readiness  GOALS  AN! 

ACHIEVtU. 

BHEAXtvLNiCJM>ARAT  I  Vc  EV  ALUA1  IONS  I  COST  SOEMONSTRAT  IClN  PROGRAMS: 
Ml  I D  I  ESt'L  ENG1  M.SiECONOM  ICS:  ulicLECTRIC  GENERATORS  i  ElEcT  r  IL 
UT IL IT  I E S. ENERGY  STORAGE  SYSIEMSIFOtL  CONSUMP1 ION iPMOT OVUl 1  A  1C 
POSER  SUPPLIES:  T I i POSER  MANGE  l-IO  ASjPOBER  RANGE  10-100  AS ; 
POSER  RANGE  10-100  SJPOSER  RANGE  IGC-1000  s • REMOTE  AREAS 

•0Au0t>t>7«7 

ECONOMIC  AND  TECHNOLOGICAL  ASSESSMENT  OF  DIESEL  ENGINES  USINC 
COAL— OAStO  FUELS  FOR  ELECTRIL  POSER  GENERATION.  FINAL  REPORT 
DlMLAV.  J.6.i  OAV1S.  J.P.t  RASLEN.  P.L.S  STEIGER.  H.A.;  E  FI R  Ll  « 
N.A. 

I  It  R  MO  ELECTRON  CORP..  SALTHAM.  MA  IUSA) 

EU 

OEP.  NT  IS.  PC  All/MF  AOI . 

CON TRAcl  EF-77-C-0I -2S4  7 
SEP  IV7V 

E Ob- 330  102  io  lAOOOiO  1040S 

E  Ob— 330 1 ue 

Tfc — «?3*— 37— bO 

Ttt  SCOS-SPEEO.  TSO-STROaE  DIESEL  ENGINE  OPERATING  ON 
COAL— bASl.U  FUELS  IS  A  PROMISING  POSER  CONVERSION  SYSTEM  FOR 

Electric  poser  generating  plants  and  for  industrial 
CUgENErAIION  applications,  the  coal-pased  DIESEL  SYSTEM  is  A 
NEAN-TEhM  TECHNOLOGY  SHI  CM  CAN  ENCUORAGE  THE  UsE  OF  COAL  FUELS 
Alt)  ACHIEVE  SUbSlANT I AL  ENERGY  SAVINGS.  THIS  REPOR1  DESCRIBES: 

E  JPt. 1 ML  NT  AL  ENGINE  PERFORMANCE  DATA  ON  REPRESENTATIVE 
CUAL-BASeU  Fk£LS.  ECONOMICS  OF  TYPICAL  SYSTEM  INSTALLATIONS. 

ANO  OEVElOPMENT  REoUlRtMENTS  TO  MAKE  TnE  SYSTEM  COMMERCIALLY 
AVAILABLE.  Trt  PROGRAM  RESULTS  INDICATE  THAI  COFRLNT 
SLU  s  — s  PE  CD.  TSO-STHOAt  DIESEL  ENGINE  TECHNOLOGY  CAN  bt  ADAPTED. 
B1TH  MINIMUM  DEVELOPMENT.  COAL -DERIVED  LIuUlU  FOILS  IN 

ONDlM  TO  ESTABLISH  AN  EFFICIENT  PUsER  SYSTtP  SI  In  NULTIFUSL 
CAPAbILlllES  ANO  SIDE  APPLICABILITY.  ENGINI  TEST  RcSuLTS  ON  Tsi< 
COAL-DER1 VEU  LlOUlO  FUELS  ICOED  AND  SNc-l 1  I  ARE  INCLUDED  IN 
THIS  REPORT.  THE  SLOs -SPEED.  TSU- STROKE  UlESiL  ENgINC  PERFORMS 
VERY  SELL  ON  BOTH  FUELS.  THE  RESULTS  OF  CONTINUING  TESTS  ON 
MICROMIND  C UAL/OIL  SLURRY  MILL  BE  Rt PORTED  IN  A  SEPARATE 
OULUMENT.  PRELIMINARY  RESULTS  OF  THE  SLURRY  TESTS  INDICATE  THAT 
COAL  IN  1HC  FORM  OF  MICRONUEO  PARTICLES  IS  ALSO  A  SATISFACTORY 
FUEL  FUR  THC  SLOS-SPEL0.  TsO-SThOKE  DIESEL  ENGINE  IF  ADCOUATC 
PRUVISUNS  ARE  MADE  FUR  FUEL  INJECTION  ANO  ASH  RELATED  SEAR. 

COAL  LIOUEFACTIUNSCOAL  LluUIUS:  TI.OiCOED  PROCESS i COST : Ul E  St  L 

engines:  t*.  .u;  electric  poser i experimental  data;  ujfull 
SUbST 1 TuT ION :  U2. digraphs:  oiperfummance  tesiing:  oi »u: poser 
GENE MAI  ION i SRC -I  I  PROCESSI lAbLtSI  DtTEST  FACILITIES 

•  CROGuutxb 

DESIGN  SlUUV  OF  A  TSO-PHASL  TURBINE  BOTTOMING  CYCLE.  FINAL 
REPORT 

STUOHALTLR.  S. R. 

BIPHASE  ENERGY  SYSTEMS.  SANTA  MONICA.  CA  (USA) 

123 

NT I S •  PC  AOb/MF  AOI. 

CONTRACT  EY-F6-C-C3-I2G7 
lb  DUN  IV7V 
E0B-J2C Ju«  |  425  00  b 
EU>— 3cu3G* 

TEC.RM1NU.  6t>  HEATED  IN  DIESEL  EXHAUST 
OOE/ET/IS3SO— -Tl 

ThE  USE  UF  A  BIPHASE  TURBINE  SYSTEM  TO  RECOVER  SAsTE  HEAT  From 
DIESEL  tNGINLS  BAS  EXAMlFBO  ANO  FOUND  TO  HAVE  MANY  FAVCRAbLE 
ATTRIBUTES.  AMONG  THESE  SERE  LOB  RPM.  HIGH  TUROUE.  LOS  HEAT 
EXCHANGER  COST.  ANO  SIMPLICITY.  SEVERAL  LAN01UATE  sOrMnG  FLUID 
COMBINATIONS  BERL  TESTED  AT  TEMPtRATURES  OF  INTEREST.  THE 
CONTACT  HEAT  EXCHANGER  CONCEPT  MAS  SUbST ANT  I A1 ED  BY  LARGE  SCALE 
EXPERIMENT.  THE  PROGRAM  IMCLUOtS  SUBSCALE  TESlS  OF  KEY  HARLsARt 
COMPONENTS  OF  A  blPHASE  TURblNE  bUllUMING  SYSTEM.  THESE  ARE  THE 
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TMO-PHASc.  NO*ZLt .  Tat— PHASt  TURBINE  •  and  DIRECT  CUNTACI  ME  AT 
EW.MANC.tW.  A  C  ONPRE  ME  Mb  I VE  COST  ANALYSIS.  BAS  COMPLETED.  A 
PWJGRAM  LEAD  INC.  TU  A  FULL-SIZE  SYSTEM  f  1  ELD 
OtMONST RATION  MAS  BEEN  PLANNED*  PROGRESS  IN  1ME  FIRST  YEAR  OF 
THIS  PhUMAM  AM)  iMt  EFFORT  ST  ART  El>  ON  THL  StCONO  YEAR  PR  OCR  AN 
ARE  REPORTED. 

DESCRIPTORS  BOTIOMlNG  CYCLES:  T  3.UI  ,  Lt  COMP  AT  I  blLl  TY  :  OE.OICOSTS 

demonstration  programsid iesel  encInes:  miieconomil  analysis: 
o3.o it aplri MtN tal  data:  digraphs:  oiheat  e xc mange rs .nuzzle s :  u ; 
nimerical  data:  dsspecif ications:  oistlam  turbine sitables:  d: 
turoul s masTe  nt a t :  01;  hulking  fluids:  n2.d 


SOJOObCSoA 

ROAD  TRANSPORTS  BI6  IS  F RUSAL 
Cunningham,  m. 

ENERGY  MANAC.tR.  V.  2.  NO*  7*  PP*  SS-Sb 
SEP  IG7V 
EU>-J20»Uj 
EDB-3. OiGJ 

the  prospect  of  saving  larce  amounts  of  die stL  fuel*  mhile 
REAP INg  THE  FCMARd  OF  GREATER  ECONOMIC  EFFICIENTLY  IN  SHIFTING 
BIGgEn  LOADS  BY  ROAD  IS  BEING  INVESTIGATED  IN  TmI.  UK.  T Ht 
MAXIMUM  ME  1  GMT  BRITISH  LtPRY .  THE  34-TON  ARTICULATED.  MITh 
LEGISLATIVE  FUEL  ECONOMY  MEASURES*  MOULD  BE  ABLE  TO  UTILIZE 
DIESEL  FUtL  IBS  MORL  EFFECT IVtLY.  IT  IS  THE  ftElGMT  AND  SPEED  OF 
GOODS  SHIFTED  AND  NOT  TMt  GROSS  MEIGmT  OF  THE  VtnICLE  THAT 
DETERMINES  Tr£  VEHICLE'S  OPERATIONAL  EFFICCIEnCY.  MAYS  IN  MHlCH 
VEHILLLS  CAN  bE  MAOt  MORE  FUEL  LF F 1C  1  ENT  ARE  OISCUSSLO. 

commodities:  tzidiesel  engines:  tiidiesel  fullsilnergy 

EFF ICltNcV jFktL  ECONOMY:  Oil LAND  TRANSPORT:  U2 J No » St  POLLUTION! 
regulaT ions : trucks; uni  ted  k indoum ;me ight 


BOROOcI* JY 

truck  noise  iv-«:  post-fleet  tlst  results  ON  HLAVV  DUTY  LIEStL 

TRUCKS  having  REDUCtD  NOISE  LM1SS11P.S.  FINAL  REPORT  MAR 
1VT7-OCT  WK 
HLNRV,  T.J. 

INTLRNAT  1UNAL  FMIKVESTER  CO.*  FORT  MAYNt.  IN  (USA>.  TRUCK  DlV. 
ENGINEERING 

IOA 

NT IS*  Pc  AGD/NF  AO 1 • 

CONTRALT  uOT  HIS— 202*: E 
JAN  1G7«* 

EOb  -  32  02  03  i  3  O0  1 0  2 

E0B-34CEGJ 

PB--2VS741 

FOUR  UUlLTEO  OVER— TMt— ROAD  TRACTORS  MERE  OEsIGNtD  AND  PROL'OCt:.. 
TMESt  BLUE  EVALUATED  IN  FLEET  SERVICE*  SIGNIFICANT  REDUCTIONS 
IN  DIESEL  TRUCK  NOISE  MERE  ACHIEVED  MITm  CURRENT 
STATE-OF-THE-ART  BY  USING  A  SYSTEMATIC  APPROACH  UN  EACH  MAJf- 
NOISE  SUURCE.  TME  REPORT  DESCRIBES  TmE  FLEET  TEST  HAROxAWt  Thai 
ORIGINALLY  MlNT  INTO  SERVICE  ANO  DOCUMENTS  THE  DEGRADATION  Am 
NORMAL  ABUSE  OF  TnE  NOISE  CONTROL  EOOlPMENT  ANO  I Ht  RESULT |NT 

Changes  in  the  noise  levels  after  TMt  inservice  life  of  the 

LINE  HAUL  TRUCKS— APPROXIMATELY  3  VlAkS  AND  AOu.vCi)  MILES.  A 
COMPARATIVE  ANALYSIS  OF  FLEE  I  MAINTENANCE  ANO  OPERATING  COSTS 
FOR  THE  OUltT  TRUCKS  AND  LIKE  PRODUCTION  VLHIiLts  Is  ALSO 
PROVIDED. 

COOLING  SVST  EMSi  DIE  StL  ENGINts:  ol  .Tt*  «  EXHA  US  T  SVSTLMsIFuLL 
CLNSUMPT ION:  MA  INTEN ANCE:  Ok i MODI F I CAT IDNSINO I St :  UliNOISt 
POL LOT  I UN | St  RV ICE  L IF  E • T  RUCKS.  Tl 
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E Ob-320 101  (2W600 

lOb>J2(Ul 

PS — JuclRl 

THE  eCONuMIC  AND  ENGINEERING  FEASlblL I  TV  OF  RETROFITTING  AN 
INCINERATOR  FOR  COMBUST  I  UN  OF  TRASH  PRODUCED  AT  THE  SUMMIT 
PLAZA  APARTMEN1&  DEVELOPMENT  IN  JERSEY  CITY.  N.J..  IS  ANALYSED. 
THE  SITE  CHOSEN  IS  A  TOTAL  ENERGY  SYSTEM  DEMCNST* AT IUN  SITE. 
MlIH  A  LAPAblLllY  FOR  ACCURATE  MONITORING  AND  OAlA  ANALYSIS. 

Tf*  CORPLEA  USES  OlESEL  GENERATORS  FOR  ELECTRICAL  ENERGY.  felTH 
TEE  RESULTANT  MASTE  HEAT  tIEUG  USED  FDR  DOMESTIC  HEATING  AND 
COOLING.  DIESEL  -  Full  -  OIL  -  FIRED  BOILERS  ArL  USED  fur 
production  of  additional  heat,  a  pneumatic  trash  collection 
System  automat ically  deposits  refuse  in  hauling  containers.  The 
PROPOSlD  change  MOULD  ROUTE  I  HE  PNEUMA1 ICALLY  COLLECTED  TkASii 
I  NT  u  A  SMALL  INCINERATOR  MhEhE  IT  MOULD  BE  UUrnT  FUR  THE 
PRODUCT IDN  DF  HEAT.  THUS  LUMERING  THE  COSTS  uF  FUEL  CONSUMPTION 
A  NO  OF  LAbUR.  ANu  OEMONS TR AT ING  AN  INTEGRATED  SYSTEM  FOR  USING 
TRASi-t  As  A  SUUHCE  FOR  HEAT  GENERATION.  COMMERCIALLY  AVAILABLE 

incinerators  mith  heat  rlcover  systems  are  surveyed  and 

OESERIbLD.  T  Ft  PROBLEMS  UF  CORROSION  POTENT  I AE  «  PART  I CUE AT E 

deposits,  and  thermal  energy  storage  are  considered,  the  solid 
mastl  GENERATED  AT  The  SITE  MAS  ANALYZED.  ENVIRONMENTAL  and 
ECONOMIC  GAINS  AND  LOSSES  ARE  SUMMARIZED.  THE  SlUuV  CONCLUDE t 
THAI  I  ME  EOUlPMENl  NECESSARY  IS  AVAILABLE;  THE  EUs  AMOUNT  OF 
TRASH  PKGUUCEU  AT  THE  SITE  MOULD  RESULT  IN  A  FINANCIAL  LOSS. 

BUT  THE  DATA  COLLECTION  FACILITIES  DF  TML  Si  IE  MU OLD  ALLO*  FOR 
A  USEFUL  dEMLNSTRAT  ION.  INCLUDED  ARE  REFERENCES.  DIAGRAMS  OF 
HEAT  SYSTEMS  ANU  INCINERATORS.  DATA  UN  REFUSE •  GRAPHS  OF 
OPERATING  COSTS  ANU  SAVINGS.  AND  SPEC  IF ICA1 1UNS  OF  INCInEKATuh 
SYSTEMS. 

AIR  LONG  I T I USING  I APARTMENT  BUILDINGS:  T I iOEMUNSTRAT ION  PROGRAM S 

diesel  enginls ;t conomil  analysis:  gzifeasibilitv  studies:  ti-; 

HEAT  HLCUVLKV;  INCINERATORS {MUNICIPAL  MAsT E S I UPLK A T ING  COSTS 
SPACE  HEAT INg; TOTAL  ENLRGV  systems:  gI.TZIMASTl  DISPOSAL 


BoJCOSRccS 

MINlek  MINIS  ON  OPERATING  DIESELS 
CHI  ROME.  N.P. 

COAL  Agc  •  V.  d«.  NO.  G.  F4>.  »-tl 
SEP  IV7V 

EUB-JIEOOOIO  IJVUG 

EUU-0  In-sC 

OlESEL  NU.  1  fuel  IS  ALREADY  IN  SHUR1  SUPPLY.  AND  BY  T ML  T IMt 

minter  rolls  around.  it  is  eaplcild  there  mile  be  even  lCbs. 

MINE  OPERATORS  MAY  HAVE  TO  RELY  UN  DIESEL  NO..  FUEL.  MHlCH 

tends  lu  gel  and  form  max  crystals  in  freezing  ■lather.  This 
PRECIPITATES  MAJOR  MINTER  PRlBLEM — DIESEL  STArI-UP.  Th| F 
ARTICLE  PROVIDES  A  RCUNuuP  OF  SUCCESSFUL  METHOD!  THAT  HE LR 
REDdCl  HANDLING  problems  MnEN  TRANSPORTING  CUAL  during  FREEZING 
MEATrltR.  These  METHODS  INCLUDE  THE  SPRAYING  OR  INJECTION  Cf 
ETHEk  IMO  1FC  ENGINE  *S  INTAKE  SYSTEM.  He  AT  ING  FULL  AT  Thl 
FILTER.  PREMLATING  INTAKE  Aik.  AND  THE  USE  UF  IHlKMATIC  PANS. 
CUAL  MINES:  T 1 .DIESEL  ENGINES:  T* I Die  SEL  FUELS:  L.5LO* 
TEMPEhATurEIMINE  haulage:  ai.SIART-UP 


S0J0wSS3.'S 

0E1ERM1NAT ION  OF  THE  RELIABILITY  UF  EMERGENCY  DILSCL  GtNtRAlu^s 
SOMMER.  P. 

1ECHNI SChEh  Ut  BERMAChiXg S“VERE IN  RHEINLAND  E .V. .  KOELN 
(GERMANY.  F.R. |.  FACHBERLICH  KLRNTECHNIk 
ATUMKERNlnERg. /KEkNIECH. .  V.  3b.  NO.  I.  PP.  Bt— tol 
IWU 

EOD-ZCuIGG 
E  UB-2 LG  I Lw 

Tit  RELATIONSHIP  BETMEEN  RUNNING  TIML.  FAILURE  RATE.  AND 
RELIABILITY  if  EMLRGENCY  DIESEL  GENERATORS  IS  DETERMINED  ON  T Hi 
BASIS  UF  ACTUAL  OPERATING  EXPERIENCE. 

OlESEL  ENGINES!  Tl ID1STK IUUT IUN  FUNL1 I UNSt EL EC Tk I L  GENERATORS: 
12iELELTklL  FUMLkiFAILURE  MOUE  ANALYSISIFAIlURESIOPERATIUN; 
POMCR  GENERATI ONIPROBAbl LI T ViReLI AblL I 1Y :  Ul.ULillMe  DEPENDeRL. 
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ADVANCLO  MATERIALS  FOR  ALTERNATIVE  FUEL  CAPA DLL  DIRECTLY  FIR(D 
NEAT  ENGINES 

FAIRBANKS.  J.V.S  STRINGER.  J.  IEOS. 

DEPARTMENT  OF  energy.  VASnINGTON.  dC  (OSA).  ASSISTANT  SEerET arv 
FUR  FUSS 1 L  EM-RGV;  ELECTRIC  PUVlk  RESEARCH  |Nsl • •  PALO  ALTu.  Ca 
(USA).  FOSSIL  FUEL  AND  AdVANLLD  SYSTEMS  OlV. 

V?b 

OtP.  NT  IS.  PL  AVG/MF  AOl. 

CONFERENCE  on  aovanceo  MATERIALS  FUR  ALTERNATE  FUEL  CAPAILt 
DIRLCTlY  fired  heat  engines 

CAST  INC.  ML.  USA 
36  JUL  1*74 
DEL  1V7V 

EUO-OIOaO* ;u 10 40b 13 SO  100 ;  300*00; 42 1000 .200 1 CA S C 1 4000 
EU»-dtG4  64 

CUNF-7VC74V - 

th  finsi  euiFchercl  on  advanced  materials  fur  alternative  fuel 

CAPABLE  DIRECTLY  F 1  RED  HEAT  ENGINES  »AS  HELD  Al  THE  MAINE 
MARITIME  ACADEMY.  CAST 1NE •  MAINE.  1)  aAS  SPONSOR t D  BY  THE  US 
UEPARlMENl  OF  ENERGY.  (ASSISTANT  SECRETARY  FUR  FOSSIL  ENERGY  I 
AND  The  ELECTRIC  POVtR  RESEARCH  INSTITUTE.  (DIVISION  OF  FOSSIL 

Fuel  and  advanced  systems),  forty-pudr  papers  from  the 
pruclEuings  have  been  entered  into  edo  and  era  anl>  one  also 
INTO  lama;  TfMEE  had  been  ENTERED  PREVIOUSLY  FROM  other 
SOURCES.  Tn£  PAPERS  ARE  lONClkNEp  k 1  I h  US  DUE  RESEARCH  PROGRAMS 
IN  THIS  AREA.  COAL  GASIFICATION.  wUAL  L IOUEF AC  1 1UN .  CAE 
TlMbINES.  FloI  DI2EO-BED  COMBUSTION  AND  THE  MATERIALS  UStD  IN 

TKsl  prdCE sees  or  louipments.  the  materials  papers  involve 
alloys.  CERAMICS.  COATINGS.  LLAOdINw.  ETC..  AND  the  FABRICATION 
AMJ  MATERIALS  LISTING  of  SUCH  MATERIALS  AND  STUDIES  INVOLVING 
COcRUS 1 UN.  EROSION,  deposition.  ETl.  (LTn) 
alloys; ceramics; cl ado ing ;coal  gasif  il at  ion:  tiicoal 
liudefaltiun:  t2;coatings:  Ts;corrusiun;oiesel  engines:  is; 
ETUSIgNIFLUIOI zed-bed  combustion:  T A ; r OE E  SUDSTITdT ion; gas 
tlau  ines:  t j ;hot  gas  cleanup ;le aping  abstract  :ma1eriale  : 

Ol.G2.UD.GA.uS  MATERIALS  TEST! NG: MECHANIC  AL  PROPERTIES; 
MEETINGS:  Ob  Ml  71  PROTECT  I VE  COATINGS:  TVSRESlAKCH  programs; US 
UOe 
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I  Ft  COMPONENT  DETERMINING  THE  SEkVlCC  LIFE  OF  MUDEkn  oDUETFO 

o it sel  Engines  Is  usually  Tut  CVL Inuer-piston  assembly. 

RRtvIOUS  MtTHODS  F Ok  MEASURING  GAPS  uLTStfcN  PARTS  OF  THE 
P IS  T  ON  — L YL I NUc  k  ASSEMBLY  HAVl  iHt  DKABBACK  THAT  TnE  ENGlNL 
PAhTg  HAVt  Tu  be  SPECIALLY  PRtPARCO  IN  ADVANCE.  CONVEMTCWS  ( r.R 
TrLIR  SENSITIVE  ClEmlnTS)  BEING  INSERTED  IMU  THE  2UNL  OF 
measurement  anu  The  useful  signal  from  these  extractcD  fro*  th( 

ENgINc.  A  BALA— SCAT  TLRED  ELECTRON  TELHNIuUE  IS  PROPOSED  IN  A 
SLIGHTLY  MuDIFIEd  FuRM  fur  measuring  the  gap  behind  AN  OPAGU' 
BALL.  ANw  VERIFIER  UN  AN  I NTEHNAL -COMBOS T I ON  ENGlNt  IN  MODEL 
FORM. 

Die stL  engines:  t iimcasdring  mc thuds; pistonsir ings :service  liel; 
sear;  ui 
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ABSTRACT  THE  SLbRlNC  UTILITIES  COMMISSION  OF  SE  UR  INC.  FLORIDA  IS 

PLANNING  TO  CONSTRUCT  A  2G.0CG-KB  POWER  PLANT  THAT  BILL 
GENL  RAIL  ELECTRICITY  bITH  LOb-SPEEU  marine  DIESEL  ENGINES. 
EXPECTED  IO  t£  COME  OPERATIONAL  IN  I9b«.  T  Ht  DIESELS  MAV?  The 
CAPABILITY  OF  BURN I  No  THE  HEAVIEST  OF  RESIDUAL  OILS  AND  BILL  dt 
ADAPTAULL  TO  THE  USE  OF  COAL-OERIVEU  LlUUIO  FUEL  AND 
potentially  a  pulverised  coal  and  oil  slurry,  energy  efficiency 

AMI  LUG-MAINTENANCE  COSTS  OF  T HE  DIESELS  ARE  DISCUSSED. 
DESCRIPTORS  CUALlDltSEL  ENGINES:  T2.GI SELECTR 1C  UT IL I T lb S JCNt Ml Y 

EFFICIENCY:  iFLOi  IDAiFUcL  SUbST  I  TO  I  IONS  MA I  NT  [NANCE  SPL  TRlILl  DR 

RtSIDULSiPLAFM  INGIPOaER  GENERATION:  1  I S&LURH I L S; USA 
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oiesel  generation  in  comparison  bith  a  solely  uitstL  system  - 
optimising  FIN  sISE  a no  initial  investment  in  an  isolated  area. 
pussioiLiit  de  placement  et  oemlnsidnnemeni  optimal  u'une 

CENTnAlL  Elect ROSUL AIRE  A  TOUR  ASSUCIbE  A  UN  D1ESLC  DANS  UK 
CENTRE  I sole 

EDITOR  OR  COMP  MANlEAU.  G. 

CORPORATE  AUTH  ELECTRIcITl  Ut  France.  7b  -  LHATOO.  SERVICE  machines  et 
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ABSTRACT  E CUKOR  1C  AND  CLIMATIC  EuMlMIUNS  PERTINENT  TO  iHt  INSTALLATION 

OF  A  SOLAR  PURER  PLANT  ARE  STUDIED.  Tm  RELUCT  ION  uF  k»m  COST 

vis  a  vis  bhu.lv  diesel  electrical  Energy  glnlraI ion  Is 
ClNSIu'-RsU.  IML  tradeoff  ulibeln  installation  sice  and  dpi  i  pal 

OUTPUT  VALUE  IS  OtFINED  AND  IDENT  1 F  It  U  FOR  T  ME.  1  BO  SYSTEM? 
RESPECTIVELY.  THt  STUDY  IS  HYPOTHETICAL  AND  IS  INTENDED  ONLY  AS 

a  guidcline  for  future  rlal  market  surveys. 

DESCRIPTORS  LUST  oi.Nl?  1  T  ANALYSIS:  U  I .  Ut  iO  IESE  L  LNgINls:  1 » U2 i t Lt CTr  1  C 
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solar  power  is.  ants:  t  i  ;t  cruogenerators 
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S0AGO2I V. I 

AtPLlLATIUN  FOR  CERTIFICATION  FOR  1V7U  MOOLL  YEAR  OILSLL 
HEAVY-DUTY  ENGINES  -  CATERPILLAR  TRACTOR  COMPANY 
CATERPILLAR  TRACTOR  CO..  PEORIA,  IL  I  USA  I 
3  02 

ALSU  A  V  A  IL  AbLC  IN  SET  UF  V  REPUAlS  PCSCbS.  OO/MF  %  I  r.  OL  .  Pb-if'V 
ObG-SE  I  . 

MAR  IV7L 

E 06-32*1. U3  5  3 30  TOO 

EUb-320iC3 
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every  year  each  manufacturer  of  passenger  cars,  light-duty 

TRUCKS.  MUTORCVCLLS  OR  HEAVV-OU1V  ENulNtS  sUUMllS  1l  SPA  AN 
APPLICATION  FUR  CERTIFICATION.  THt  APPLICATION  CONSISTS  OF  I  »(> 
PANTS.  IN  THE  PART  I,  THL  MANUFACTURER  GIVES  A  DETAILED 
TECHNICAL  DESCRIPTION  OF  THE  VtHlCLtS  UR  ENgINLS  HE  INTENDS  TU 

market  during  The  upcUming  model  vcar.  These  engineering  data 

INCLUDE  EXPLANATIONS  AND /UR  ORABlNGS  BMlCh  DESLRIgL 
ENGINE/VLHIclE  PARAMETERS  SUCH  AS  bAjIi.  engine  DESIGN,  fuel 
SVSTEMs,  IGNITION  SVSTEMS.  AND  EXHAUST  AND  eVAPoRrTIVL  (.MISSION 

Control  systems.  The  part  i  also  provides  information  on 

EMI  SSI ON  TEST  PROCEDURES.  SERVICE  ACC OMUL  AT  1  UN  PrDcEuuRES, 

FUELS  ID  bt  USED.  AND  PROPOSED  MAINTENANCE  hEuUIhI  CENTS  To  ft 
FUt  EOBt  0  DURING  TLSIING.  ThE  PART  II  APPC 1 C A 1 1 UN ,  sOGMITIlD 
AFTER  EMISS1UN  TESTING  IS  COMPLETED.  CONTAINS  T Mt  RESULTS  OF 
EMISSION  TESTING,  A  STATEMENT  UF  COMPLIANCE  TO  Tnt  REGULATIONS. 
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AM)  MAlNItNAKCE  INSTRUCTIONS  TO  BE  FULLOtcU  BY  TmE  ULTIMATE 
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AIR  PuLLUTION  CONTR OL I AD TUMObl LE  INDUSTRY .CERT  IE  I CATION I  uli 
DIESEL  ENGINES iEAHADST  GASESJt XMAUST  SYSTEMS TFuEL  SYSTEMS; 
MAINTENANCE iKILLUliON  CONTROL  EOUIPMLNT;  O 1 ; RtGUL AT lONSi 

vehicles:  ti 
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ELECTROCHEMICAL  energy  storage  systems:  a  small  scale 
APPLICATION  TO  ISOLATED  COMMUNITIES  IN  TnE  CANADIAN  ARCTIC 

adams.  v.a.s  Gardner.  c.L.t  casev.  e. j. 

DEFENCE  RESEARCH  ESTABLISHMENT.  OTTAWA.  ONTARIO 
CAN.  ELECTR.  ENG.  J..  V.  A.  NO.  3.  PP •  4-10 
JUL  IV7G 
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The  relative  freedom  of  the  Canadian  arctic  from  environmental 

EFFlCTS  out  10  HUMAN  ACTIVITIES  AND  T HE  PRESENCE  OF  MANY  SMALL 
ISOLATED  COMMUNITIES  OEPLNDENT  ON  THEIR  OWN  ELECTRIC  POWER 
GENERA  I  TNu  SYSTEMS  PROVIDES  an  interesting  oppomtumiv  Fl.k  a 
COMPARATIVE  cUST/bENEFll  STUDY  OF  POSSI6LE  ELECTROCHEMICAL 
ENERGY  SIORAIf  SVSTtMS.  THE  HIGH  COST  OF  FulLS  IN  T ML  ARC1IC 
ENLDURaGLS  the.  design  AND  OPERATION  of  MAAIMUM  EFFICIENCY 
EtCRGV  Dt-LIVERY  SYSTEMS.  The  ELIMINATION  OF  WAS1E  AT  EACH  ST tP 
IS  ENVIRONMENTALLY  and  economically  desirable. 

ARC 1IC  RlGIUNS:  T 1  I C ALcULA T I ON  ML T HUD s iC ANADA I CAP AC  1 T V :  u3.D; 
COMMON  1  TILS  S  COST  iDA  T  A  COMPILATION:  DlDltsEL  ENCINtSS  DJUItST.L 

fu.ls;lcunomics:  02 «u3« electric  sattcries:  t j.c jellctr  ic 

UT1L1T ILsiENeRGY  CONSERVATION:  DiENERGV  EFFICIENCY:  U I ENERGY 
sTORAut  :  Tie  .Ut  .DA  *D«  GRAPHS  :  EiHUMAN  POPULA1  I  ONS  iLUAO  MANAGEMENT 

power  systems:  ta i service  life:  o3.u; tables:  d 
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SMALL  POWER  SYSTEMS  STUDY.  VOLUME.  STUD*  RESULTS. 

TECHNICAL  SOIMARV  REPORT 
sitney.  l.r. 

aerospace  COMP..  LOS  ANGELES.  CA  (USA).  ENERGY  AND  RESOURCES 
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THE  01  VISION  OF  SOLAR  TECHNOLOGY  OF  THE  DEPARTMENT  OF  ENERGY  IS 
CURRENTLY  EXAMINING  THE  MARKET  POTENTIAL  OF  A  NUHith  OF 
DISPERSED  SOLAR  ENERGY  SYSTEMS.  INCLUOINw  THE  SMALL  ILESS  THAN 
OR  EOUAl  TO  10  MW/SUb  t/l  SOLAR  THERMAL  POWtR  SYSTEM.  SMALL 
FOSSIL-FUELED  GENERATING  units  in  THE  united  si at ls  utility 
SYS1CM.  (I. E..  INVESION-OWNEO.  MUNICIPAL.  ANU  COOPERATIVES.  I 
HAVE  A  CURRENT  CAPACITY  OF  APPROXIMATELY  6000  Mw/SOb  E/  OR 
ABOUT  l.S  PERCENT  OF  THE  TOTAL  US  ELECTRICAL  CAPACITY.  AND 

phovidl  a  large  potential  market  fur  small  solar  thermal  povsk 
SYSTEMS.  THE  SMALL  PUWER  SVSTtMS  study  has  as  us  object 1VE  INI 
DETERMINATION  OF  CONDITIONS  UNDER  WHICH  SMALL  ILESS  THAN  Dr 
EUUAL  10  10  MtSSUb  t/ I  SOLAR  THERMAL  POWER  UNITS  CAN  PROVIDE 
COST-EFFECTIVE  ELECTRICAL  POWER  TO  A  VARIETY  OF  UsERs. 

POTENTIAL  USERS.  IN  ADDIIIUN  TO  THE  UTILITY  SYSTEM}.;  INCLUDE 
DEPARTMENT  of  OEFtNSE  INST ALLA1 IUNS  AND  APPLICATIONS.  RE MO It 
MINING  ANU/UK  LUMBERING  OPERATIONS.  AND  OTHtR  I NOUS T- |AL  POwEL 
SYSTEMS  WITH  AM)  WITHOUT  COGENEHAT I ON .  THE  F  IMST  YEAR'S  RESULTS 
ON  THE  SMALL  POWER  SYSTEMS  SlUOY  ARE  SUMMARIZED.  THt  DATA  hASt 
USED  AND  THE  BREAKEVEN  COST  ANALYSIS  ARE  DISCUSSED.  INFORMATION 
ON  BOTH  SMALL  (LESS  THAN  OR  LOUAl  Tu  10  MW/SUD  t/l  GENERATING 
UNITS  ANU  THE  UTILITY  SYSTEMS  USING  T HtM  IS  PRESENTED  AS  WELL 
AS  DAI  A  UN  FOSSIL  FUEL  COSTS.  SOLAR  PLAN1  COSTS.  AND  SOLA- 
INSOLATION  VALUES.  IHt  RESULTS  OF  A  SURVEY  OF  DEPARTMENT  OF 
DEFENSE  IDODI  WORLDWIDE  ELtCIMlCAL  GENERATING  CAPACITY  AT  ITS 
M1LIIARV  BASLS  AND  ON  A  POTENTIAL  BCD  APPLICATION  ARE 
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A  VAR  IE  IT  OF  PROPULSION  SYSTEMS  FOR  BUSES  CUMMENLED  IN  197E. 

ibonmatiun  is  presented  un:  a  bus  operator's  ideal 

RtuUlRcMLNTS  Fl>i  ANY  VEHICLE;  THE  EXPERIENCE  GAINED  IN  SOUTH 
YORKSHIRE  IN  OPERATING  b A1 T ERY —ELECTRIC  VEHICLES;  UPERATOR 
REOUIREMgNTS  AND  OPERATIONAL  EXPERIENCE  TO  DAI E  AND  PLANS  FOR 
TrA  NLXT  GENERATION  OF  BAT  TEKY -ElECTn  1C  VEHICLES;  AND  TYPtS  OF 
STRAIGHT  ANO  HYBRID  ELECTRIC  VEHICLES  BH1CH  Ahc  LONSJOfREo 

huh  thy  of  further  investigation  and/or  development, 
descriptors  bust s ; cua i ; oes ign;d ie sel  Eng i neb. elec tri c  baiterIls; 

ELECT*  IC-POVEREU  VtHlLLESS  T2IENERGY  LUNSUMPTIUNI  U2  S 

performance:  02; performance  test  1ng;povEr  Dc.mang;uniteo  kinc-dof. 
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CATEGORIES  EDB-33Clb2 

PRIMARY  CAT  EUB-3301w2 

abstract  tfe.  design,  iteration,  performance  testing  and  performance  of 

The  NED  V1R4D4  TURBOCHARGER  FROM  BROVN.  BUYER  I  And  COMPANY  ARE 
DESCRIBED.  THIS  TURBOCHARGER  FOR  DIESEL  ENGlNtS  IN  THE  RANgE  OF 
FFXJM  4  TO  BMV  OFFERS  INCREASED  EFFICIENCY  AT  PRESSORl  RATIOS  UP 
TO  4:|  ANO  H1GFCR  FUEL  ECONOMY  Bv  UTILIZATION  UF  tXHAuST  GAS 
EFBRGY.  IlCLI 

DESCRIPTORS  COMPRESSION  I C£  SIGN  S  DIE  SE  L  ENGINES:  T I S tFF 1 Cl t NL Y ; EXHAUST  GagEs; 

FULL  ECONOMY  ;i  TCiUSTRIAL  PLANTS  iOPERAT  ION:  U2  ; PERf  OPMANCC 
testing:  u2l sh ip s; supercharger s:  tz.qi  ;tra  ins 
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OATE  VIN  1 V7b 

CATEGORIES  E0b-33u  1 1>2  i  022  00U 

PRIMARY  CAT  EDH-JOOIOL 

abstract  the  pumping  stations  in  The  iiso  km/lung  oil  India  pipleinc 

VhICm  IS  DESIGNED  TO  pump  2.79  M  TON/YR  UF  CRUDE  ulL  TD  TV0 
RtF I NCR ItS  ARE  DESCRIBED.  THESE  PUMPING  SI  AT  IONS  HAVE  UltSEL 
ENGINES  VHICH  are  FUELED  VITn  either  Crude  uIl  or  crude  oil  and 
NATURAL  GAS.  T HE  ENGINE  MJDIF ILAT IONS  REgU IHlU  FUR  CRUUt  OIL 
BURNING.  THE  PERFORMANCE  ANO  MAINTENANCE  OF  THE  EuUlPMENT  SlNCt 
THE  INITIAL  INSTALLATION  IN  IVt>2.  ANU  ThE  tNEHvY  SAVINGS 
ACHIEVED  BY  FOT  USING  HLFINCD  UlL  ARE  DISCUSSED.  ILCLI 
DESCRIPTORS  DIESEL  ENGINES  I  14IENCRGY  CONStRVAl luN SHYOR AuL 1 L  TRANSpurT:  Ul ; 

IMlIAiMAINILTWNCE:  WAiNATuHAL  GAS  TOPt  R  AT  ION;  PE  RF  URMANCt  :  u»l 
petroleum:  t iipipel Ine s:  T2ipumps:  Q2 
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1  I  TLE  tNfalNLb  AND  ENERGY!  KIJIJKE  TkLNUS 

AOThOMS  AGNLW.  W.g. 

AUtHOH  AFF  GtNEH~L  MUlUHS  RESEARCH  UAb .  .  lAhhLN.  Ml 

TIlLtIMOMJI  PKGCCtOlNGS  if  A  SYMPObllA*  ON  lMr>L  ICA I  IONS  OF  ENeRGV 

CON  St  MV  A  I  ION  A  NO  SUPPLY  AL T  ERNAT 1 V  Lb 
SEC  REPT  NO  CCINF -7uOISO-- 

PAGt  NO  171 -JIG 

CONF  T  HUE  SVKPuSluM  ON  IMPLICATIONS  OF  ENERGY  CONSERVATION  AN  j  SukkLI 

ALItRNAI IVES 

CONF  PLACE  COLORADO  SPRING.  CO.  OSA 

CONF  OATE  30  JAN  ls7b 

POOL  LOC  SCIENCE  APPLICATIONS.  INC..  EAST  BRUNSWICK.  NJ 

OATL  1 078 

CATEGORIES  E0t>— <!VbCjC I  3 o0 IOC 

PRIMARY  CAT  EUfa-2VbuuJ 

ABSTRACT  OR.  ACNE V  POINTS  OUT  THAT  IN  THE  NL AR  —  TERM  I  lb  ABOUT  IV/0).  N. 

cNErgY  SOURCES  SUCH  AS  SYNTHETIC  FUEcS  CANNOT  MAkC  SUhSlAMI'L 
CONTRIBUTIONS.  IN  THE  LONG  TERM  iEOUu  ANu  UtVuNUl.  «nU< 
PLTmuCEUN  RESOURCES  WILL  BL  SHOr I .  ME  MILL  have  TO  CONVERT  1C 
SYr.fMtflE  FUELS  OER  I V  EL*  FkuP.  TAR  SANub.  SMALLS.  UK  CuAt  .  Tr-t 
TRANSF  UR) AT  I  CM  SECTOR  CONSUMES  cU  Or  All  u.s.  ENeRuV  anu  E  E  *4 
OF  I  ME  FL  fR OLEUM  SUFPLY.  THE  AUTOMOTIVE  INDUSTRY  IS  CONDUCTING 
POWER  — PLkN  1  H  ANO  O  PROGRAMS  IKVULVI.VG  NcAR-lEKM  MuOlFICAT  I  ON* 
10  THE  CeRVENTIONAL  SPArn-ICNI TluN  GASOLINE  ENGINE.  As  WELL  AS 

rescAkcm  on  alternates  Tu  the  conventional  spark-ignit ion 

Engine  FuK  IiE  LONg-ILkM  SlTuATluN.  UR .  AGNs.*  SEES  IMFRoVLC 
CCWVcN  f  UkNAL  ENGINES.  LlGMT-UUlr  LI  It  SEE  ENGINES.  ANO 
STRA  f  IF  IeO-ChARGE  engines  AS  feasible  In  lvft;  TO  IvcSI 
GAS-IORLINE  engines,  electric  OAT TERY-PJwEkEO  vEmILlES.  ANL 
MeTmAIvOL-FOElS:  O  tNGINES  FOR  IGtb  TO  CGOGl  ANu  MY  Jrugl  N-FutLE  U 
CNGIN.S  ANO  FUEL  CELLS  FOR  cCbG  -No  oEvoNu.  OACm  sysU*  li 
ORIeFuY  ulSCGSSEO.  A  LENGTHY  kOunuTAuEE  ulSCUSbloN  FOELOweC . 
IFCWl 

DESCRIPTORS  AUICiroTIVE  Fc£  LS  SCOMPAr A  T  I VE  EVALUAI  ILNSSDlcSEL  ENGINES! 

ECuNJMICsiELEC TR IC-PUWEREU  VEM  Ille  S  i  t  NcRg  Y  !C  KG  1  Ne  S  ;  U.b'.  i 

FlASIt  ILITY  sTgOIeSJFuRCCASTINg:  GAIFUcL  Ct-LLSiCAb  TuRtlN?'.:  T 

■  minjuENiiNi crnae  CuMbosiiON  engines:  tijmi  i hanul ;rlv il»s; 
siRRilFiro  Charge  engines:  tsisynihetic  fuels; technology 
assessment:  gi  >u<; .uj;  Technology  ut  ili /at ion;  vehicles:  it 
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SINT  ERE  C  SILICON  NllRlOt 
blOtA.  G.fc. 

ARMY  NATlRIAgS  ANU  MECHANICS  RESEARCH  CENlc.  •ATIkTuaN.  FA 
CERAMICS  FOR  HIGH  PERFORMANCE  APPLICATIONS.  II 
bIR  AL.  J . J . •  LENuE .  E.N.I  A A  T  Z .  w.N.  I  EOS .  I 

CUNP-7 /OjcG - 

lUV I -I  01 V 

b .  ArF.Y  MATERIALS  TECHNOLOGY  COW-tKENCE 
NCwPjwl .  Rlt  USA 
afl  MAR  1^77 

ORUUN  HILL  PUBLISHING  CO..  CHLSTNUl  HILL.  MA 
IS7fc 

LGH— 32u IG3t  3U0200 
EIAj-j  ju  I  :>j 

STUDIES  IN  ire  SINTERING  OF  SILICON  NITRIDE  Are  REVIEWED. 
VARIOUS  APPROACHES  fur  ENHANCING  SINltHAelLI TV  OF  ceramics  ARE 
DISCUSSED  WlIH  REFERENCE  TO  CURRENT  sIlICON  NI1RI0E  MATtRlAC 
ANU  PROCESSING  TECHNUcOgY.  EXPeRIMEnIAL  PARAMETERS  USED  P'OR 
SINIeRINg  ANu  PRELIMINARY  OAlA  ON  PHYSICAL  ANU  MECP-AN I  CAL 
PROPER  1  1 ts  OF  RESULTANT  PRODUCTS  ARE  CITeD. 

ApOI  11  VEMDIESEl  ENGINES  .GAS  ToRb  INcSiFicAT  ENGINES:  TCShIGH 

tempefkTureimaterials:  o.imechanical  fropeht iesiphys ical 
pruferti'.s:  uissilICun  nitrides:  t  hsinter  ing:  gi;stirlin< 
eng ines;uses :  ui 
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eiMKc.  j.j.;  lenoe.  e.n. t  mate.  r.n.  ied&.i 

CIME-770SM0 - 

677-BV2 

S.  ARMY  MATERIALS  TECHNOLOGY  CONFERENCE 
NEWPORT.  Rl.  USA 
21  MAR  1477 

brook  hill  publishing  co..  chestnut  hill,  ma 

iwt> 

ECb-330 1 02 i 3CO  200 
E LB -3 JO  10* 

POTENTIAL  BEFCF1TS  ACCRUED  FROM  CERAMIC  APPLICATIONS  TO  THE 
OILSEl  ENGINE  ARE  BRIEFLY  REVIEMED.  EXPERIMENTS  V I T  H  CERAMIC 
PISTONS  IN  MCDERATELV  AND  HIGHLY  RA1EU  ENGINES  AS  BELL  AS 
EXPERIENCES  Ml TH  CERAMIC  COMBUSTION  CHAMBER  INSCR1S  ARE 
DESCRIBED.  BASED  ON  THESE  INVESTIGATIONS  The  BENEFITS  IN  TERMS 
OF  EFFICIENCY  APPEAR  TO  BE  MODEST.  FUaEVER  PROSPECTS  OF 

improved  comfonent  thermal  resistance,  reooction  of  coolikc 

SYSTEM  S12E.  COSTS.  NOISE.  EMISSIONS  ANO  ■ ARM -OP  TIME  APPEAL  1C 
BE  VERY  ATTRACTIVE.  RIG  TESTS  OF  A  CERAMIC  TURBOCfiarGLr  LoUIL 
APPEAR  VERY  ENCOURAGING  AND  PROMISE  SIGNIFICANT  PERFuRMANCL 

Improvements • 

COMoUSTluN  CHAMdERS •  T3. 01  ID  IE  SEL  ENGINES:  T I  IF A JR  1C AT  ION  1 
FEASIBILITY  STUD1ESIFUEL  CONSUMP1 ION; MATER  I ALS :  G2.G3J 

performance  testing:  qiipistlms:  T2.ui ssilicdn  nitrides:  ia; 

1  Ft  RM AL  STRESSES  SOSES:  U« 

7VLOOJ7IVS 

diesel  organic  rankine  cycle  cumpuono  engine  (bottoming  cycle > 

PROGRAM.  PROGRAM  PLAN 

DEPARTMENT  of  ENERGY.  MASHINGTON.  DC  (OSAI.  Dlv.  OF' 

TRANSPUT.  TAT  Ilf*  ENERGY  CONSERVATION 
A  I 

OEP.  NT  Is.  PC  A03/MF  AO  1  • 

CLMTRACT  EY-7B-C-G2-2B3* 

NOV  |N7e 

EUe-JjG 1 C2 S 330202 
E  DU  — 3 SO Ic* 

OOE/LS - CObi 

A  PROGRAM  PL  AN  IS  PRESENTED  FOR  IMPLEMENTATION  OF  A  SINgLe 
VEhlcLL  TEST  DOMING  FISCAL  YEAR  IV7v  IN  WHICH  T ML  DIESEL 
ORGANIC  RANKINE  CYCLE  COMPOUND  ENGINE  INSTALLED  IN  A  LUNG -HAUL 
TRUCK  BILL  bE  TESTED  AND  EVALUATED  AS  A  PRECURSOR  IO  FUTUSL 
MINIFcEET  DEMONS THAT  ION.  THE  ULTlMAIt  AIM  OF  BHlCH  IS  THE 
1 FW1  W OV E ML N T  CF  FUEL  ECONOMY  IN  THIS  CLASS  OF  TRUCK.  THE  SINGLE 

vehicle  test  consists  of  tbo  major  iniertbined  phases;  the 
first  CONSISTS  OF  INSTRUFCNTAT Ion  ANO  CONTROLS  CHECKOUT 
FU-LQWCD  bY  CHASSIS  DYNAMOMETER  TESTS  OF  T  FIE  SYSltMS  ANu  KOAC 
CF*cKOUl  1 ES  IS.  THIS  IS  Then  FULLOBEU  BY  A  SERIES  OF  TESTS 
CUNDUCTEO  BY  MACK  TRUCKS  AT  THEIR  FACILITY  DURING  BHlCH  ALL 

PERTIKLNT  characteristics  uf  the  SYSTEM  bill  be  ascertained, 
bottoming  cycles:  02.u3;oiesec  engines:  T2.oi;foel  economy  she  at 

REC DVEr V  EGUIPMCNTS PERFORMANCE  TE ST INGJPL ANN INGTPROPULS 1  ON ! 
RANKINE  CYCLE  ENGINES:  T J.U I IKESEARCH  PROGRAMS:  wc.usITMUiKs: 

T  II  BASTE  HE  A  1  UTILIZATION 

7GCC0JG7SJ 

EPRI-EM — 716-B  PP.  Id  1 —IV  I 
EXPERIENCES  WITH  COGEMEHAT ION 
FOSTLR-PEgG.  R.B. 

BESTINGHOUSE  ELECTRIC  CORP..  PHILADELPHIA.  PA 
BURKSFIOP  proceedings:  dual  energy  Use  SYSTEMS 

DOUGHERTY,  D.A.  (ED.) 

C0NF-77UVI  S2  — 

Ibl-IVl 

WORKSHOP  UN  DUAL  ENERGY  USt  SYSTEMS 
YARMOUTH.  Mt.  USA 
IV  StP  IN77 
MAY  IV7b 

EUB-2V0bUUl J*0bb31 320303 
EU>-2V0b00 

I  NS  T 1 T  UT (URAL  PROBLEM;  FAVORABLE  AND  UNFAVORABLE  FACTORS 
E PR  l-EM— 7  16-W 
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ABSTRACT 


T  Hfc  EXPERIENCES  FROM  20  SERIOUS  NEGO 1  I  AT  I  OnS  FOR  CUCENERAT ION 
19  BEhE  IMPLLMLNTEU  I  ARE  UISLUSStu  IN  IMIS  PAPER.  ImE  MAJOR 
PKOBLtMS  10  be  OVERCOME.  •£  RE  PRIMARILY  IN  b  1  I  1  Ul  lUN  AL  i 
ENG INEERING  PNC*»LLMS  >ERt  MINIMAL.  InL  St  DDL  NCI  OF  A  TYPICAL 
NEGOTIAtlON  BE  1  BEEN  A  PROCESS  COMPANY  a 1  EH  I NO  TO  INSTALL 
CbGt RELATION  AFO  A  UTILITY  IS  ILLUSTRATED.  FACTORS  FAVORAI.il 
AND  ONFAVO.AEI.E  10  COGENERATION  ARE  PRESENTED.  AND  THE 
AUVAN I  ALEE  OF  COM6USTIUN  TuRBINtS  ANl>  DlCStL  ENgINLS  F'Or 
CUGLNCR All ON  RELATIVE  TO  STEAM  PLANT s  ARE  PREbLNTLb. 
DESCRIPTORS  A  VA  |LAb  I  Ll  1  V  ICAP  I  I  AL  iLU-LENERAT  ION  :  MliOICSLL  ENG  INb  S  IE  LEC  T  R  1C 

U11LI1 ItS.ENbl NE EN 1  No IFE  AS IblL I T Y  STUDIES:  D I iFoLLS i I NOUSTk I AL 

plan  t  s .  lllal  aspeltsiuperat  ion  ireoul  at  ions  ;  thermal  lFficilncy; 
TURBINES 
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7VCG02 I  ALE 

EPA — gOO/7-77-07 Jl  PP.  IIV-141 

EMISSION  CHARACTERISTICS  OF  SMALL  STATIONARY  DlEScL  ENGINES 
WAS SLR «  J.H.t  STAINIln.  R.M. 

ENV  I  RbNMc.N1  AL  PROTECTION  AGENCY.  RESEARCH  TRIANGLE  PARK.  NC 
PROCEtblNLS  OF  The  SECOND  STATIONARY  SOURCE  LOMbUsTION 
SYMPOSIUM.  VOLUME  V 
BURLN.  J.S.i  HALL.  M.E. 

ClMF  -  /  /LccS-**»S 
I  1V-1*.  1 

2.  symposium  on  stationary  source  combustion 

NEB  URL*.  ANS.  LA.  USA 
29  AUu  1977 
JUL  197/ 

Cub-A.A  Owe 

Ebb- AC Aw Ob 

EPA — BOW// -7 7-07 Jt 

1NVESI IgAT IONS  OF  EMIsSluNS  FRUM  STATIONARY  RECIPROCATING 
INTERNAL  LOMuUSTIUN  EN.INtS  ARE  DESCRIBED.  The  INIIIAL  PHAtr  OF 
TFC  IN -house  RESEARCH  PROGRAM  Is  OESlRIbeO.  Thl  auRK  a  AS 
DIRECTED  AT  INCREASING  UNDERSTANDING  OF  AIR  POLLUtANT  EMISSIONS 

from  small  stationary  diesel  engines  and  invulvcd  evaluation  jr 

TFC  USE  OF  EMULSIFIED  FUEL  ANO  A  LAInlYTIC  RtAclUK  AS  tMIbLIOi- 
CUNTRoL  .ltmuds.  a  SERIES  of  EXPERIMENTS  WAS  designed  10 
evaluate  IHt  EMISSIONS  PNOM  A  SMALL  DltSEL  cNGINL.  I  HE  EFFECTS 
OF  EMULSIFIED  FUEL  UN  THESE  EMISSIONS.  ANO  THE  EMISSION 

characteristics  of  a  catalytic  reactor  incorporated  in  the 

engine  LAMAUST  SYSTEM.  ALL  EaPEkIMENIS  WERE  RUN  IN  RANDOM.  DRi.tR 
AFC  DAILY  BASELINES  BtRt  OE  TERM  INE  O  IU  ELIMINATE  AIMUSPnEKIt 
LONO 111 OR  EFFECTS  ON  EMISSION  LtVtLS.  HEsUEIS  BlIH  IHt 
CATERPILLAR  03  3*  ENGINE  SHOB  THAT  TnL  MAJOR  AIR  POLLUTION 

problems  for  small  diesel  engines  are  The  Ng/suo  a/,  cl.  ang 

fine  PARTICULATE  EMISSIONS.  I HE  PMtCUMBUSl ion  LHAHE'Ek  DESIGN 
WAS  EF'FLLllVL  IN  LONlNOLLlNG  THERMAL  NU^SUb  A/  EMISSIONS  AL' j Vt 
THE  Aw  Na  LOAD  PU1NT.  BAIeH-FULL  EMULSIFICATION  HAD  A 
EFFlCT  UN  1  HE  EMISSIONS:  no/sub  a/  BAS  DRAMATICALLY  KEOuCLO  Iw 
TO  BD  PErLENTI.  BUT  LU  EMISSIONS  WERE  INCREASED  BY  FACTORS  Or  C 
10  S.  FURTHER  STUDY  OF  EFFECTS  ON  PARTICULARS  AI.U  FUEL 
CUNSUMPTIUN  IS  NtEoEU.  THE  CATALYTIC  CONVEMTLR  REdugEd  Cl. 
EMISSIONS  BY  OVER  90  PERCENT  AND  HYDRULAKbONS  BY  uVI  r  bC 
PERCENT.  THL  AOVERSL  EFFECTS  OF  THE  LONVERIlR  InlEDOCd  A  IS  T.i 
20  PfcRCLNl  INCREASE  IN  Nu/SUB  X/  ANO  TFC  CREATION  OF  A 
SIGNIFICANT  SULFATE  EMISSION  THAT  IA»  NOT  PRcsENI  IN  T HE 
UNMUOIFILU  ENGINE.  ILCLI 

ACOUST ICSi AIR  POLLUTION  CONTROL:  GS.Ub .07 iC ARbON  MONOXIot:  T7; 
CATALYTIC  CONVERTERS:  T4 .U* I COMBUST ION  PrOUUL  IS  I O  IE  StL  ENc  INI  b  : 
Tk.ui  ie muls I unss exhaust  gases:  ociGAstuus  ■asIESIhydrucakbond: 
Tbi inlus iri al  plants;  tiinitrogen  uxioes:  ts:operatiun: 

PART  1 LL  t  S  i  PE  RF  ORMANCE  TESTING:  WAiPOLLDllON  CONTROL  LUUIPM.EM 
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DIESEL  GENERATORS  ARE  WIDELY  USED  NOT  LMLV  Fllk  PRIMARY  POaEK 
BUT  ALSO  FOR  STANDBY  OR  EMERGENCY  POwtR  SOURCES.  WHEN  PROPERLY 
MAINTAINED.  DIESEL  GENERATORS  HAVE  PROVEN  TO  DC  HIGHLY  RELIAcLi. 
AHj  ARE  ALSO  CAPABLE  OF  FAST  STARTING  ANO  LOAO  CARRYING 
ABILITY.  1HE»£FOfcE.  AS  THE  NEED  FOR  EMERGENCY  STaNOdV  POSER  IN 
NUCLEAR  POSER  STATIONS  DEVELOPED.  OlESLL  GENERATORS  WERE 
CONSIDERED  TO  BE  ThE  BEST  SOLUTION. 

DIESEL  ENG1NLS:  T2 {ELECT  RIC  GENERATORS JNUCLE AR  POsEk  PLANTS:  Tli 
POSER  supplies:  01 IRELlALtLITY :  02 

7VR00I i  3VJ 

CCMYLN1 IUNAL  ALTERNATING-CURRENT  GENERATORS  AND  ENGINE 
GENLRATDR  SETS 
SEGAsER .  L.L. 

ARGONNt  NATIONAL  LAB. •  IL  ( USA ) t  DAK  RIDGE  NATIONAL  LAo. .  TN 
(USA) 

SI 

OEP.  NT  IS.  PC  AOA/MF  AOI. 

CONTRACT  » -3 1- 10G-ENG-Jb 
APR  | v  7b 
E  Ud-32 C  GOG 
EDB-32 GgCC 
ANL/LES/TE  —  Ib-T 

AVAlLAoLt  OA1A  ANO  TLCHN1UUES  KE  LL  VAN  1  TO  THL  SLLLCTICN  AND 
ANALYSIS  OF  APPROPRIATE  LLEC  IR  ILAL  GENERATING  EuuIPMeNT  Fo- 

application  in  the  ices  program  are  presented,  of  the  general 

CLASSLS  OF  CUM MERC  I  ALL  V  AVAILABLE  A-L  GENERATORS.  The 
SYNCHRONOUS.  ROTATING  FIeLD  ALTERNATOR  IS  MOST  SUITED  TO  ICES 
APPLICAI IONS.  ANO  THE  FOCUS  OF  TnIS  TELMNOLudV  EVALUATION. 
CUNVENTlUNAL  SG-H2.  ALTERNATING-CURRENT  GENERATORS.  WITH 
STANDARD  RATINGS  RANGING  FROM  I.2S  EVA  TO  IV.gOg  EVA  AT 
VOLTAGES  FROM  12S  SINGLE-PHASE  TO  1A.«0G  VDC1S  ThREE-PHASE  AND 
SPELoG  UP  TO  IBOC  RPM  ARt  COVERED.  TECHNICAL  DATA  FOR 
RLPRLSENlAT 1  YE  DIESEL  ENGI Nt -GENERATOR  SETS  FOR  CONTINUOUS 

priml  puslR  ratings  up  to  sags  ks  are  presentld.  approximate 

IV7S  CUSIS  OF  STANDARD  ELECTRICAL  GENERATING  EUUIPMENT  ARC 
GIVEN  for:  (1)  STANDARD  CONVENTIONAL  AlTERNFIING  CURRENT 
GENERATORS  AMT  (2)  PACKAGED  ENG INE-GL NERAT OR  SETs.  The  DATA 
I  Mr  1 C A 1 E  A  DLCREASb  IN  UNI T  COSTS  AS  THE  POStR  RATINGS 
IHCRcASb.  WITH  THE  COST  OF  TrC  SLUS-SPEED  UNITS  SOMEWHAT 
GREATER  I  HAN  THAT  OF"  THE  HIGHER  SPEED  UNITS.  MAINTENANCE  DATA 

for  a  typical  total  energy  plant  presently  In  operation 
imjicatc  Thai  the  average  cost  of  mainienance  amounts  id  «i 
CENTs/KWH.  a  plot  of  available  data  ALSO  indicates  a  trend  To 

DECREASING  OPERATING  COSTS  WITH  INCREASING  UNIT  SIZE. 

ALTERNATING  CURRENT {COST {DIESEL  ENGINcSiELEC IR1C  GENERATORS: 

i2.uiiFOEL  CkMSOMpT ion; lets:  ti;mainicnancl;perfdrm«nce:  ut; 
reliability;  SPECIFICATIONS 

79X00 1234b 

LOCOMOTIVE  OATA  ALOU1S1T10N  PACKAGE.  PHASE  1.  FINAL  k£K’U, 
OLTOI1ER  1977  —  JULY  197  b 

KIRSTEN.  F.A.;  ABBOTT.  R.K.I  MULLS*.  U.R. 5  TURNER.  O.b. 
CALIFORNIA  UNI  V.  •  BERKbLtV  (USA).  .AWRENLt  bCRKELLY  LAD. 
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EUb-JGOiOi 

LBL — FVRb 

A  PRELIMINARY  EXAMINATION  OF  ThE  PROBLEMS  ASSuCIAlLD  wIIh 
RAILROAD  LUCCMOTIvE  DATA  ACUUISITION  IS  PRESENTED.  AN  APPROACH 
TOWARD  THE  DESIGN  UF  A  M ICROPROCb SSOR -BASE O  LOCOMOTIVE  DAI* 
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RCCORDLN  IS  M.  SO  PRESENT  EO  •  SPECIAL  AMENT  ION  1 S  PLACED  ON 
DETERMINING  TmE  FUNCTIONAL  CHARACTER!  SUES  AND  ENVIRONMENTAL 
SPECIFICATION  REOU1RED  FOR  THE  SYSTEM.  THE  SYSTEM  CESCRIDLD 
CONSISTS  OF  A  MAGNETIC  TAPt  DIGITAL  DATA  RECORDER.  AN  ENSE  FBL: 
OF  TRANSDUCERS •  AND  ANALYSIS  SOFT  WAKt •  THE  SYSTEM  OlSCRIBED  IS 
TO  be  OSLO  AS  A  RESEARCH  TOOL. 

DESCRIPTORS  COMPOTERSIDA IA  ACU01S1T10N  SYSTEMS!  G  1  .02  .03.0L  SI  GNiO  I E  St  L 

ENGINLS!  T2.L1FE— CYCLE  COST!  02 IMA INT LNANCt I Mt ASOR I NC 
1  M>1 ROME NT Si  PE  i^ormanle; railways:  ti IREL I AUl LI  tv; RESEARCH 
programs; trains:  13 
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GR I  D  -CONNECT  to  1  NTC  GRATE  O  COMMUNITY  L  NEWGV  SYSTEM. 

PRELIMINARY  REPORT  .  PHASE  II.  AUGUST  V— NOVEMBER  b.  1077 
CLARA  UN  IV..  WORCESTER.  MA  (USA! 

141 

DLP.  Nils.  Pc  A0  7/MF  AG  1 • 

CIA  IR  Ac  1  EC- 77  -C  -02-42  I  I 
I G  77 

EU6— 2G0CG0 .2 VI 000;3?0bC0 
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Clara  univ.i  WORCESTER 
CUU--4i.ll— 2 

Clara  university  in  t»c  new  England  area  represents  an 

ATTRAC 1 IVC  SITE  FUR  OtMUNSTRAl ION  OF  COGENERATION.  IN  pH ASF  1 

of  thl  Program,  The  team  reporter-:  that  The  svstlm  of  CMUict  is 

A  Ole.  St  L  GENCRATuR  SlcEO  AT  AbUUl  CLARK  *  S  Pt  AA  CLLC1RIC  CCRANi.'  I 
IT  SHOULD  SUM  NO.  6  FUEL  OIL!  THE  SYSTbM  CAN  Run  AT  NEARLY 

full  lapalMi  the  year  round.  stLL  wo  percen t  of  ms  output  • 

AKd  Rt Ch I  VC  BACKUP  AS  NELOtD  FROM  MASSACHUSL 11s  ELECTRIC 

company:  the  system  should  oclivcr  a  rate  of  rcTurn  uf  is  iu  it 

PERLCNl  i  ANU  TFfcRE  APPEAR  lO  BE  NO  INST  I T UT I  ORAL  UR 
ENVlRUNMi.Nl  AL  PROBLEMS.  AN  UPUATE  UN  A  NUMBER  OF  ISSUES  Thai 

•tRt  incompletely  resolved  in  the  phase  i  report  is  provIDlo. 

IN  SELT  luN  2  AUO 111 UN AC  UUCUMcNl AT  ION  UN  INSTITUTIONAL  ISSUES 
INVOLVED  IN  THL  PROPuStD  OEMUNSTRAT luN  PLANT  IS  PRoVIULU.  IN 
SECTION  3  A  PRELIMINARY  UESIGN  ANALYSIS  THAT  CLEARLY  DLFIM.S 
THE  CHUIlE  UF  engine  AND  PRUVIUCS  REVISED  OPERATING  DATA  IN 
LIGHT  OE  ADD  IT 1UNAL  LOAD  PROFILE  STUDIES  IS  PrUVIULU.  IN 
PAR  I  I LULAR .  IT  IS  FOUND  THAT  I  A  SUL/LR  NU.  L -U 1 L -BURN I NG 
1 40s— N W  olEScL  IS  The  system  uf  CHOICE:  The  engine  should  XL 
HOUSED  IN  a  SEPARATE  BUILDING  in  CLOSL  PRUXIMTV  TD  THL 
EXISTING  LEN1RAL  BOILER  AND  STEAM  DISTRIBUTION  POINTS!  AND  AS  A 
RESULT  UF  DETAILED  SUMMER  LOAD  STuOlLS.  THE  ENGINE  AS  SPEC  IF  It  l 
CAN  BE  uplrateo  with  HIGHER  CAPACITY  FACTORS  Than  ANTICIPATED 
IN  Phase  I.  IN  SECTION  4  A  REVISED  CUS1  ESTIMATE  USING 
INFOhMAIIUN  DEVELOPED  IN  SECTIUNS  2  AND  3  IS  GIVEN.  NO 
SIGNIFICANT  CHANGE  IN  NET  CASH  FLOW  WAS  FOUND.  AND  T HCRt  WAS  *N 
INTERNAL  RATl  of  RETURN  If  IS  PERCENT.  THE  OVErALL  CONCLUSION 

is  therefore  that,  though  some  details  have  changed,  thc  clap, 
demons ir at i on  project  continues  Tu  applar  highly  attractive. 

IMCW) 

CU-GENcRAT IONS  COST ! DEMON STRAT ION  PLANTS! U I ESLL  ENuINC S ! t Nt RG Y 
C0NSCRVA1  IUNJcNV  IRONMENT  AL  I MP ACTS I Ft ASI b I L I T Y  STUDIES:  ul: 
FIHANC  INuiF  URr.  CASTING  JFUtL  CIlSIhEATINg  uilsmces:  Tl.ui-; 
Massachusetts:  m2;planning:  gMsystlms  analvsis;ds  crda 
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ABSTRACT  SGML  OF  Ihc  EXPERIENCE  AND  T HE  DEVELOPMENT  OF  THE  ON-SMt  MU»lR 

SUPPLIES  AT  SOME  SWEDISH  NUCLEAR  POWER  PLANTS  IS  DESCRIBED. 

tee.  present  state  of  The  art  in  Sweden  is  uis-cussed  with 
REFERENCE  TO  SOME  SPECIFIC  TtSTS  AND  1C  A  STATISTICAL  STODV  if 
TEC  AVAILABILITY  OF  DIESEL  GENERATORS  ANU  GAS  TURBINES  IN  USL 
IN  SwLUlSPi  STATIONS. 

OeSCMlPTCRS  DIESEL  ENGINtS .ELECTRIC  GENE GATORS i GAS  TURol NtSINuLLE Ar  PUwLR 
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ABSTRACT  DUN  1  No  IhL  ENCINLENINC  AM)  PULL  1C  DEMONSTRATION  TESTING  PW  Sf  t 

of  the  tnanssus  program,  the  three  prototype  coaches  Euuippec 

■ITm  GAS  TORnINE  PObERPLANTS  EXHlblTtO  SOME  AOVANT AGEOOS 
OPChAIILKAL  CHARACTERISTICS  THAT  VARkANTEO  FURlHtR 
INVESTIGATION.  CONSEUUEN TL Y .  THE  CAS  ToNBINt  ENcINt  MAS 
INVESIIGATLO  AS  A  POTENTIAL  PObER  SOURCE  FOR  TRANSIT  COACHES. 

AN  In-OlPTH  SURVEY  MAS  LUNOULTEO  OF  GAS  TUNblNE  ENG 1 NL 
MANUFACTURERS.  MHOSb  PRODUCTS  MAY  bt  SUlTAbCC  FOR  TRANSIT 
CUACHES.  10  UETERMINE  THEIR  MERITS  AS  COMPARED  TU  ThuSL  uF  1  nl 
DIESEL  ENGINE.  ONLY  DETROIT  UlCSEL  ALLISON  DIVISION  (OCAS!  HAS 

a  product  sufficiently  developed  to  warn an t  serious 

CONS  I  SERAI  ION  OF  VOLUME  PRODUCTION,  lnt  INVESTIGATION  INDICATES 
THAI  .H  i  L  E  CURRENT  ENGINES  ARt  Nul  ECONOMICALLY  JUST  I F 1  ARC c . 

Oe  GAe  TUMblNE  ENGINE  MAY  be  PUTLNTIALLV  SUPERIOR  To  THE 
OlEsCL. 
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consumption:  oeiGAS  turbines:  te.ui (maintenance smknufactur ing; 
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DENS  1  FILL'  SILICON  C  ARb  IDE  :  AN  INTERESTING  MATERIAL  FOR  DIESEL 

APPLICATIONS 

SAE  PAPER  7bG071 

T(*tll.  R.L.I  LUCEK.  J.b.i  bCAVEN.  C.G. 
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SOCIETY  of  automotive  engine LRS  INTERNATIONAL  AUT JMuT I  VC 
ENGINEERING  GONGRESS  AND  EXPOSITION 
LET  Null .  Ml*  USA 
Ftb  IV7fc 

SOCIETY  OF  AUTOMOTIVE  ENGINEERS.  INC..  MARRt NDALC .  PA 
IWti 

EUi-i!OIM13tOit«« 

EUb-JJGlG? 

ONE  CLASS  OF  CERAMIC  MATERIALS  THAT  IS  BCING  CONSIDERED  For 
APPLICATION  IN  DIESEL  ENVIRONMENT  IS  THE  OENsIF IE  D  SILICON 
CARtMuE.  THL  COMPOSITION.  M I  CN  OST  KUCT  ORt  .  PHYSICAL  AND 
MECHANICAL  PfUPCKTILS  OF  SEVERAL  MEMUtRS  OF  THIS  FAMILY  uF 
MAT  LR I ALS  ARL  DISCUSSED  ALONG  blTH  ILLUSTRATIONS  OF  ThC  CURrLM 
STATE  OF  THE  ART  OF  COMPONENT  COMPLEXITY. 

oensi ty ; diesel  engines:  ti inanufactur Ing:  gj imatlr ials:  ui: 
n icrostroc tore  (physical  properties:  ui  (silicon  CARbiDEs:  ii  ; 

USES 
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lFfc  PRIMARY  GOAL  OE  THE  STUDY  MAS  TO  DCTERMlNh  FUEL  ECONUM1ES. 
COST  ECONUMItS  ANO  RELIABILITY  DIFFERENCES  btTaicN  Tnb  CASOL INt 
AND  DIESEL  EM.1NLS  USED  IN  LIGHT  OUT  V  PICKUP  TRUCKS. 

CLMPARAT1VE  EVALUAT IONS; COST {DIESEL  ENGINES:  T2.0ISFUEL 
ECONOMY:  UZ S  GASOL INt IREL lAb IL I  TV!  U2 S SPARK  IGNITION  ENGINES; 

trucks:  ii 
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UURMANCV  VS*  OVER-TESTING  ANO  THE  EFFECT  ON  DIESEL  GENERATOR 

availability 
booth,  l.c. 

BECHTEL  POWER  CORP. •  NORWALK.  CA 

IEEE  POWER  ENGINEERING  SOCIETY.  PAPERS  FROM  THE  JOINT  POWER 
GENERATION  CLHFERCNCt 
CCF.F  -7toOG**  — 

SP.  PAPER  A  7b  OlV-7 

IEEE-ASME  JOINT  POWtR  GENERATION  CONFERENCE 
BUFFALO.  NY  .  USA 
IV  SEP  IV7g 

INST.  OF  ELECTRICAL  ANO  ELECTRONICS  ENGINEERS.  INC..  NE ■  YORK 
I C77 

EDB-ZdO IGA 
EOE>  “ifbw  I  OA 
EMERGENCY  USE 

A  MATHEMATICAL  MODEL  IS  DEVELOPED  DESCRIBING  THE  EFFECTS  OF 
FREUUENCT  OF  TESTING.  PERIODS  UF  DORMANCY.  PERIODS  OF  ACTIVE 
UPERATltlN  ANO  PERIODS  OF  DOWNTIME  Fur  MAINTENANCE  ON  DIESEL 
GENE RA 1  UR  AVAILABILITY.  THE  MATHEMATICAL  MODEL  OPTIMIZES 
AVAILAoIlITV  with  RESPECT  TU  TEST  INTERVALS.  T HE  MATHEMATICAL 
MUGEL  IS  EXERCISED  USING  DATA  FROM  ••DIESEL  GENERATOR  uPERATINO 
EXPERIENCE  AT  NUCLEAR  POWER  M-ANIS**  IAEC  DOCUMENT  NO. 
0GL-LS-0gc  JCNE  IV7A>.  The  PUSS1E I L I  I V  OF  NONCLINSIANT  DORMANT 

ami  active  failure  rates  is  discussed  along  with  the  potential 

IMPACT  UN  FUTURE  DIESEL  GENERATOR  AVAILABILITY  STUDIES. 

a va i l .a i l  1 1 y  :  gz .u3 ;diesll  engines:  mjieleOrIC  generators: 

Me.GI ;F AIeURES IMAINTLNANCE :  UZ IMA THEMA I |C AL  MDOELS I DPER A T 1 OR l 

opt i m i z ai i un iperfor mance  test ing; thermal  power  plants:  ii;timc 
DEPENDENCE 


7GJG  liF.Oci’ 

ALTERNATIVE  AUTOMOBILE  ENGINES 
WILSON.  O.G. 

MASSACHUSETTS  INST.  UF  TECH..  CAMERIOGL 
SCI.  AM.,  v.  239.  NO.  I*  PP.  3V-AV 
JUL  1V7B 

EDB— 3 jO i go;3JOeOg;jvbgou 
EDB— 3 JG ICG 

A  TECHNOLOGY  ASSESSMENT  UE  VARIOUS  HE  AT  ENGlNLS  FOR  AUTOMOE-ILI 
PWPULSIUN  IS  PRESENTED  COVERING:  THE  SPARK  IGNITION  (OTTO) 

enginl;  the  (OPPRESSION  ignition  tdIeseli  enginl;  the  vapor 

CYCLE  T  RANK  1  ME  I  ENGINES  THE  STIRLING  ENGlNLS  AND  T  Ht  OPEN  AND 
CLOSED  BRAY  T  EH  CYCLE  (GAS  TUMBINESI  ENGINES.  COMPARATIVE  DATA 
GIVEN  INCLUDE  TEMPERATuRL  RATIO.  THERMAL  EFFICILNCY,  POWER  Tc 
MASS  RATIO.  EXHAUST  EMISSIONS.  ANU  MANUFACTURING  COST.  THE 
DEFECTS  UF  ALTERNATIVE  ENGINES  TU  1 ME  SPARK  IwNlllON  ENG IM  Ant 
CLEARER  THAN  T Ft  IR  VlRTULS.  ANU  THE  CHOICE  OF'  A  SINGLE  uESl 

alternaiive  is  complex,  government  policies  with  respect  10  the 
AuTuMUTIVE  IM3USTRV  AML  DISCUSSED.  (PMa> 

AUTUMUDlLCSS  T  IS  COST SOIESEL  ENGINE  SSL XHAUST  GAitESGAE  TURBINES! 
GOVERNMENT  PU.  1C  IES  SHtAT  ENGINES:  TE.QI  SPOWt.K  SrANk  INt  CYCLE 
ENGINtSSSPARK  IGNITION  ENG INLSI ST  1 RL ING  ENgI Nt Si S TRA T IF  I  ED 
CHARGE  tNGlNtS STECHNOLUGY  ASSESSMENT:  UESThEKMAL  efficiency; 
TfCRMoDVNAMICS 
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elecIrifting  t Ft  Burlington  northern  railroad.  pap^r  no.  /?fg 
craven,  l.r. 

CUNF  -7  7  0.6b- -B 
17 

Sl.00 

ELECTRIC  VEHICLE  EXPUSIT ION  ANO  CONFERENCE 
CHICAGO.  IL.  USA 
2b  APR  I v77 

ELECTRIC  VEHICLE  COUNCIL.  NEW  YORK 
IV77 

E OB— 336300 
EDB-330 300 

THE  INC PCASED  COST  OF  PETROLEUM  FUELS.  THE  PROJECTED  PROSPECT 

of  a  continual  shu.tage  of  crude  oil  fur  years  to  cume.  and  the 

OUEST1UN  UF  K)»  LONG  THE  SUPPLY  WILL  LAS1  HAVE  LAUStD  RENEWED 
INTLRLST  IN  ELECTRIFYING  RAILWAYS.  RLCENT  TECHNOLOGY 
ADVANCEMENTS  IN  THE  FIELD  INCLUDE  IMF.  AC  RECTIFIER  LUCOMOlIVt. 
THYRISTOR  PRlPULSIUN  CUN  TROL •  INDIVIDUAL  AXLE  WHEEL  SLIP 
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CONTROL.  AND  VACUUM  CIRCUIT  BREAKERS.  Inc  tttNtf  11  S  OF  RAILROAD 
ELECTRIFICATION  ARES  REDUCED  LOCOMOl I Vfc  MAINTENANCE  COSTS; 
LLPiGEk  Lift  ISO  YEARS  FUN  ELECTRIC  VS  lb  YLARS  FOR  1  HE  UILSFLI; 
INCREASED  RELIABILITY  OF  StRVICE;  SOME  INCRLASE  IN  LINL 
CAPAlIIy;  OV  LA  CU  AD  CAPABILITY  FOR  ACLtLER  A!  I  UN  l  MORE  TRACI Ivt 
EFFDRi;  AND  K3  At  STABLE  LONG-TERM  END  WOT  COSTS.  IHMA) 
DESCRIPTORS  CUMHAMAllVt  tVALUAT lUNS'.  DES  I  GNID  I  E SEL  ENU INLSIECONCMl Cb i 

tklUKK  KAlUAVi:  USENERGY  CONSERVA 1 IOn;FE ASIbIl 1  Tv  STUDIES: 
OliC  IFE-LYLLt  CObl  IMAlNIENANCE  SPERFOk NANCE  IlLCHNULUCY 
ASSESSMENT 
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JUL  IG7t 
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A  Nt«  Dlt-StL  POvEH  ST  All  LfY  T  FIA  T  MILL  bUHPLV  1  NDoS  1  k  1  AL  PkilCL-i 
MbAl  »Ab  ANNUO NC ED  by  lHt  Ok  111 bH  MIDLANDS  ELECTRIC 1 1  Y  bOAtO 
ANo  n  A  b  lHt  FOlcNllAL  FOk  HA  VI  No  SIGNIFICANT  I  N  I  r.HN  A  I  1  0N<  E 
IrPACT  If  CUMoINLL  rib  A 1  AND  PuvhR  DeCOF.ta  ACCtPILu.  iFifc  AulHf- 
IRAClS  Ink  D.VtLUHMiM  Of  CUMt-INtU  MEAT  ANu  PU«Ek  SChINES  b  I  ’>0  L 
iFfc  tAkLY  IGGOS  AND  ANAL  YeE  b  TrU-lK  FAlLOkt  Ab  A  LAC*.  OF' 

FtkESluHl  ON  1  Fit  HA  k  1  OF'  INDUSTRY  IN  NO!  ACKNtlVLr.  JO  1  NO  1HL 
UCmNRAL  AND  tCONOklL  FEAblolLl I Y.  1  Fit  Nt  *  DlLSbE  HLANl.  »F|Cn 
•  iLL  boPHLY  WvDCESS  Fit Al  ID  TVU  lNDUblKIAL  PEANla  IN  ADulllJN 
10  1 a-M«  P0»bR,  «ILL  NAYL  A  76b  1  Fit  AM  AL  bFFlLU.NCT.  lHt  CP*  L'F 
HtkcFUkU  lb  M.SO  IMbkbblLo  IN  SUPPLYING  MEAT  FROM  THE  PLAN!  1L 
NL  I  (idbUh  1  NO  DOlLolnob.  1  Ft  3 . 7  b-M  I LL  I  ON-PULW  D  INVtbTMrNl  If. 

L  AaM  1  N  L  L  IN  lr.  nMb  OF  HkOJLClLD  FULL  PA  ICE  b  AND  lb  FOoND 
ALLLPIAIilI  . 

oDlLtk.-  jLC'-DLNrkAl  IDn:  1a.  UA  iCObl  i  D I  L  bLL  ENoINtii  ll.Uif.D3; 
DDAL-PUkHfibt  HLIWL  k  plants:  lo.ul  ;tFF  icilncyjfl  ASIblLl  lr  STOol-t-; 
rubLS;  I  NuUSl  kl  AL  PL ANT S ;  Fk  UCt Sb  riL  A 1  i  1  LCFINULuO  Y  ASSESSMENT; 
IlChnliLDoY  ullLICAT  IDNiUNllED  KINGED*:  1a 
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7600 tub  IT/ 

OltstL  i  lMt  ENGINE  FOk  Ml bH  MILEAGE  LlbHT  VEHICLE  S 
FkhNv.H.  C.C.J* 

RICAkuD  AND  CO..  SUSSEX.  ENG. 

UltStL  DAS  UMBINt  PROD..  V.  Ab.  NO.  O.  PP .  7?-7v 
JcN  I VVt 

EDS -33  u I ut  t 330  7u0 
E 06-330102 

The  ADVANlAbtb  AND  DISADVANTAGES  OF  inE  FUluLt  OSt  OF 
ADTuMOnlLt  DIESEL  ENGINES  ARE  DISCUSSED  AND  ARE  CuF.PAktU  Id 
TFObt  OF  POTENTIAL  SPARK  1GM1ION  ENGINES.  TOPICS  CONSIDERED 
INCldJl  FOCL  ECONOMY.  ExriAUbT  EMISSIONS  ( riC  •  NU/but  A/.  CU.  ANi. 
SO/bOo  X/|,  tNGINE  VEIUH1.  INITIAL  AND  OPERATING  COblb. 
PERFORMANCE.  A  Mu  FUEL  INJECTION.  I PMA ) 

AUTUMoulLtS:  T I . CARSON  MUNOX IDtICOMPARAT I VE  tV AL OAl I uNS 1 CObl ; 

diesel  engines;  Ta.gi .exhaosi  gases;foel  economy ; fuel  inject »ln 

SYblEMs; hY  Dk  DC  AR  DON  S«  N  1 1 kOGEN  OXloE b. PEMF UkMMNCt  ; SHAk K  IGN11KN 
ENu I Nt  b ; SUL  FLAT  0 X « DLb I TE CHNOlOGV  ASSESSMENT:  ucIvLIGhT 
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DESIGNING  ADIABATIC  ENGINE  COMPONENTS 
S1ANG.  J.H. 

CUMMINS  ENGIMl  CD.  INL.  COLOMDUb.  INDIANA 

SAfc  PkL  Pk. .  DO.  7B0O6V.  P.  VP 

1V76 

E  Ufa— A  if  1  CO'O 
EDS -A  <>1000 

IN  T  HE  AolAUATIC  ENG  INC,  THERMAL  LNEkvY,  NORMALLY  LOST  To  1 HE 
COOLING  VAltk.  VOULO  bE  CONVERTED  TO  UbtFUL  ENtkGY  bV  A 
TlNdUM  ACM  I  Nfc  IN  THE  EXHAUST  GAS  STREAM.  PARASITIC  LOSSES 
NORMALLY  ASSOCIATED  KITH  COOLING  SYSTEM  PUMPING  COULD  bt 
RtDUCLD  OH  LLlMINATtD.  THEORY  PkcOICTb  A  POSSIBLE  IMPROVtFtM 
OF  OP  ID  2b  FtRCtNT  IN  T  Ft  RMAL  EFFICIENCY  UVEM  ADVANCED 
CONVENTIONAL  OIESEl  ENGINES.  THIS  PAPER  DETAILS  1 ME  ANALYTICAL 
PkOCEDUHL  TO  Bt  USED  IN  DlSIGNING  ADIABATIC  ENGINE  COMBUSTION 
CFtAMdfc  k  LOMPLNENTS  VITM  SPECIAL  EMPHASIS  PLACED  UN  THERMAL 
ANALYSIS.  AN  ADIABATIC  EM4INE  PlblUN  DESIGN  IS  PhlSENTED.  ThL 
AXISYMMtlklC  ANALYSIS  OF  THE  PISTON  UllLIEEo  THE  otwlVCO  ANu 
MEASURED  DDUFOAHY  CONDI  1  IONS.  INITIAL  ENOlNt  TESTS  ClF  T  HI 
ADIABATIC  ENGINE  PISTON  INDICATE  That  The  Ccn Am  1 L  — C APHED  OESHn 
IS  VIABLE. 

ADIABATIC  PR  liC  ESSES  iDOUNoARV  CONDI  TIONSiCERAMlCSiCUMfUST  UTN 
CHAMBERSiUtSIGNI  U I  I D I AgRAMS iD 1 tSE L  ENGINES!  TliLXHAOST  OASES; 

Fuel  ecunomyiheaT  recovery;  uisheat  transfer imads  t man sf ex; 
PlbTUNs; TEST INGI THERMAE  EF  F I Cl ENCY | THERMAL  INSULATION; 
TUKbOMACHtNERY IVfcRY  HIGH  TEMPERA I ORE 
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NET)  ut  UT  2  MEDIUM-SPEED  DESIGN 
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SPR  1 V  7b 
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m  DESIGN  OP  AN  ECONOMICAL  DIESEL  ENGINE  FOR  OUT H  MARINE  ASP 
STATIONARY  APPLICATIONS  IS  DESCRIBED.  OPERATING  ECONOMY  IS 
CHARACTERIZED  BY  THE  FOLLOWING  CRITERIA:  III  LOW  FUEL  AND 
LUBRICATING  OIL  CONSUMPTIONS!  121  LONG  SERVILE  LIKE  AND 
RtLlAblLlTv:  (31  EASE  OF  MAINTENANCE  AND  OPERATIONS  («> 
NEGLIGIBLE  ENVIRONMENTAL  NUISANCE  BY  EXHAUST  AND  NO  I sE 

emissions;  am>  isi  optimum  adaptation  to  individual 
APPLICATIONS.  ON  THE  TESTbEO.  THE  t IGHT -CV L I NOER  IN— L 1 NL 
PRO  TOT  YPt  SHOWED  A  LOW  FUEL  CONSUMPTION  OF  ABOUT  20V  G/KWn  AT 
FULL  LOAD  ON  4  I • V  KJ/G  GAS  OIL.  E GUI VALENT  TO  A  TntRMAL 
EFFICIENCY  OF  4IX. 

DESIGNS  GJSDItSEL  ENGINES:  T  3.0 1  .02  S  F  OSSI L  -Fot  L  POWER  PLANTS: 
TISFUEL  CUNSUMPT IUNILUBRICAT ING  OI LSS MA1NTEN ANLt  i MAN  I T lMt 

transport:  t 2: opera t 1 on ; rel i as i l i ty.serv ice  life 
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SLOW-SPEtO  D  IE  St  L  POWER  PLANIS 
6UERY.  P.J  SCHLACHTEN.  H  .P . 

DIESEL  ENl • <  V.  74.  NO.  TVS .  PP.  21-22.  24.  IS 
SPR  IV?fc 
E0B-2DL1  u- 
EUb-2uC 104 

OUt  IO  IIS  BASIC  DESIGN,  THE  SLUw-SPtED  DIESEL  HAS  MUCH  FEWER 
MOV  1 No  PARIS  THAN  THE  MEDIUM-SPttD  DIESEL.  AND  TnoS  NATURALLY 
HIGHEk  KELIAbl L1TY.  OPEN  AT  I No  STATISTICS  INDICATl  THAT  WHIoL 
DIESEL  bNGINLS  MAY  bt  SUBJECT  TO  A  GREATER  NUMBER  OF 

non-schedulED  stoppages  than  steam  turbines,  the  duration  c.f 

ANY  PROBLEM  WITH  THE  DIE  SE.L  IS  USUALLY  MUCH  SHORTEN.  THE  kE  t 
RESULT  IS  THAT  TOTAL  DOWN  TIME  OF  THE  OlESEL  IS  CONSIDERABLY 

smjhilR  Than  that  of  the  steam  turbine,  another  important 
feature  with  The  OlESLL  IS  That  WIlH  REGULAR  MA  INTtNANCfc .  ITS 
INI  UAL  OPERATIONAL  CHARACTERISTICS  (FUEL  CONSUMPTION. 
LUBRICATING  ulL  CONSUMPTION.  ETC. I  CAN  EASILY  BE  «E INSTATED. 
HIGH  AVAILABILITY  AT  FULL  LOAD.  TOGETHER  WITH  EXCELLENT  FUEL 
ECONOMY.  MAX E  The  SLUW-SPLtD  DIESEL  THE  MUST  ECONOMICAL 
SOLUTION  FOR  POWER  GENERATING  IN  ITS  RANGE.  IT  IS  WELL  SUITED 

tu  heavy-duty,  sustained  operation  and  has  an  outstandinl 

RECORD  IN  BASE  LOAD  APPLICATIONS.  SLGW-SPEE0  DIESELS  HAVE 
MINIMAL  ENVIRONMENTAL  IMPACT  AND  CAN  MEET  STRlNGtNl  POLLUTION 

standards,  t Ft  exhaust  of  these  engines  is  almost  loldnless. 
with  complete  absence  of  fly  ASH. 

DL&IGNIDltSEL  ENGINES:  T 2 . 0 1 (EXHAUST  GASES (FuSSlL -FUEL  POWER 

plants:  tiificl  economy; ma intenanCe joperat ion:  u. ;rel I  At il it y 
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CUYF-77C1I0  PP.  b3— 77 
CERAMICS  FOR  OlESEc  ENGINE 

KAMO.  R. 

CUMMINS  LNGIFE  CO..  CUCUMbUS.  IN 

PROCEEDINGS  CF  THE  WORKSHOP  ON  CERAMICS  FOR  AOVANlED  HEAT 

ENGINES 

63-77 

workshop  on  ceramics  for  advanced  he a  I  ENGINES 
ORCANOU.  Ft.  USA 
24  JAN  I V77 
IV77 

EUb-330  IDE  ;  jb020b 
EUb  —  3  JO  I  &•' 

CONF -770  II  u  — 

AN  ADIABA1IC  DIESLL  ENGINE  CONCLPT  FCiR  ALHIlvING  HIGH  THERMAL 
EFF  1 C I ENl Its  IS  PRESENTED  IN  CONJUNCTION  WITH  A  T URBDCOMPOUN J 
SYSTEM.  IMPRUVED  THERMAL  EFFICIENCIES  ARE  ACHIEVED  THROUGH 
ELIMINATION  CF  AN  ENGINE  COOLING  WATER  SYSTEM  AND  REDUCTION  OF 
EXHAUST  lNCRGV  LOSSES.  T  F£  ••HOT**  ADIABATIC  ENGINE  uUNCEPl 
WITH  INSULATED  COMBUSTION  CHAMBLh  OFFERS  MANY  UThCR  t NG INC 

BEncfits  bes lots  high  Thermal  tFF ililncies.  nuTable  among  these 
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are:  mol  11 -fuel  CAPAtm.nr.  weight,  size,  and  potcntial  cost 
advantages,  this  PROGRAM  is  SUPPORTED  JOINTLY  or  CUMMINS  ENGINE 
C  IMP  ANY  AND  TARAOCOM  OF  BARREN.  MICHIGAN.  SOMt  OF  ThL  TECHNICAL 
DIFFICULTIES  AND  PROBLEMS  ENCOUNTERED  WHEN  burn  INC  WITH  ceramic 
MATERIALS  ON  TrC  ADIABATIC  ENGINE  ARt  COVERED.  ENGINE  TRIBOLOGY 
IS  SINGLED  OUT  AS  THC  NEXT  PROMISING  STEP  IN  IMPruVIng  ENGlNt 
EFFICIENCY  TlROUVH  FmICTIUN  REDUCTION  AND  IMPKUVt D  DURAblLITV. 
1>t  ALU Vb  ENGINE  LONCEPIS  SHOULD  CONIRIUUTE  GRcAILY  ID  THE 
NATION’S  CONSERVATION  EFFORTS. 

DESCRIPTORS  CERAMICS:  T2tCllMBINtD  CYCLES iDESIGNSOICSEL  ENGINES:  TISGAS 

TLNb INb  Si  MAT  tN  lALS:  O I  I  RE  SL ARCH  PROGRAMS:  OZiWASTE  HL  AT 
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IV7C  NATIONAL  POWER  SURVEY.  PART  IV.  TECHNICAL  ADVISORY 
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FEDERAL  PURER  COMMISSION,  WASHINGTON.  D.C.  (USA! 
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1970 
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FROM  GENERATION,  TRANSMISSION,  DISTRIBUTION.  AND  LOAD 
FCKECASl  ING  COMMITTEES 
NP — 231 JG 

THE  FEDERAL  KJWEH  COMMISSION'S  TECHNICAL  ADVISORY  CORMlTTCbS  ON 
THE  GLNLmAIIuN.  TRANSMISSION.  AND  DISTRIBUTION  OF  ELECTRIC 
PUWLn  AND  thl  methodology  UF  load  FORECASTING  PRESENT  THE  STATE 
OF  T HE  ARTS.  NEEDS.  AND  PROBABLE  FgTurE  DEVELOPMENTS.  COSTS. 

AM)  h LONuR  1 C  FACTORS.  AND  RESEARCH  RLDuIREMENTs  FmOM  THt 
PRESENT  TO  1990.  INC.) 

DECISION  MAM.  ING  i  DIESEL  E  NG  I  NtS  t  ECONUM  I L  s  i  ELE  C  TR  1 C  POWER:  M*5 
ENVIRONMENTAL  EFFECTS  JFEDERAC  POWER  COMM  I  SSI  LiN;F  UHECAST  1  NC  : 
UI.GJ.GAiPOSSl  L-fUtL  POWLR  PL AN 1 S I  GAS  lURfa 1NE S i HY DROLLE C T r  I C 
POWER  PLANT SiLOAD  MANAGE  ML  NT  :  MSiNDCLEAH  F  DE  LSI NUCLE AR  POWLR 
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AUTOMOTIVE  OUSEL  TtCHNOLOGV  PROGRAM.  FINAL  REPORT.  JUNE 

I V7S - APRIL  1977 

HILL.  S.H. 

TLLtUVNt  CUN  II  MENTAL  MOTORS.  MUSKtGUl,,  MICH.  (USA).  GENERAL 
PRODUCTS  OlV. 

I  24 

OEP.  NT  IS.  PL  A06/MF  AO  I . 

CON  I  RAC  T  EY-7B-C-03-10VV 
AUG  1977 

E0H-JJO1G2 ;3J060j;3 JG7G1 1330702 13307 ON 
EDb-330 I u2 
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TrE  WOrK  REPORTED  BAS  PERFORMED  UNDER  CUNTRAC1  wllH  1 ML  ENERGY 
RESEARCH  AND  DEVELOPMENT  ADMINISTRATION  IERDAI.  DIVISION  OF 
TRANSPUR  1 A  T 1  UN  ENERGY  CONSERVATION*  I Ht  DIESEL  TLLHNOLOGY 
program  was  conducted  during  The  June  iv7S  through  april  iv77 
PERIOD.  1 HE  m UGH AM  PHILUSOPHY  WAS  TO  DESIGN  AND  DLVELUP  A 
DIESEL  ENGlNt  CONCEPT  TO  MEET  ThL  ENUA  SPECIFICATION  FDR  A  3C0i. 
POUND  CAR.  A  NO  TO  DEMONSTRATE  with  EXISTING  HARDWARE.  Thai  T  He 
TECHNOLOGY  UF  THE  CONCEPT  ENGINE  COULD  MEET  THL  SPECIFICATION 
GOALS.  1  ME  PRELIMINARY  DESIGN  WAS  FINALIZED  FUR  A  LIGHTwEIGHI 
AUTUMUIIVl  DIESEL  THAT  CAN  MEET  ERDA  SPECIFICATION  GOALS.  IT 
BAS  DEMONSTRATED  THAI  T  L  CMNULOgV  INCLUDto  IN  THL  CONCEPT  DESIGN 
CAN  Met T  THE  EMISSION  AND  FUEL  ECONOMY  GOALS  OF  O.AIHc/3.4 
CU/C.WNU/SUD  X/  AND  2B  MILES  PER  GALLUN  UN  THE  FEDERAL  URBAN 
DRIVING  CYCLE.  THE  MmJUR  CONCLUSIONS  RtALMtU  DURING  THIS 
PROGRAM  ARE  THAT  A  VARIABLE  COMPRESSION  RATIO  (VLRI  SWIRL 
CHAMBER  DIESEL  WITH  VAR  I  ABLE  INJtCTIUM  TIMlNv.  ANU  EXHAUST  GAS 
RECIRCULATION  IE  IX  I  CAN!  III  ACHIEVL  EMISSIUNS  OF  G.<*  I  MC/3.- 
CO/0 , *  u  NO/ Sub  X/i  12)  HAVE  FULL  ECONUMY  SS  PtRCt R1  BbllER  IMpc) 
T HAN  COMPAHAno C  GASOLINE  tNG 1NLS «  131  HA Vt  AN  LARLV 
INTRDDULllUN  INTO  PKODUCUON  OVER  PRtSENl  GASOLINE  ENG  I  Nt  LlNESi 


(4)  HAVE  A  fanOAO  FUEL  TOLERANCE  lUNLfcAUcD  GASOL  I NE  (.AS  RUN  > ; 

AW  (it)  b£  SMALLER  IN  AND  COMPARALLt  IN  MtlGHl  TO  EXISTING 

GASOLINE  tNGINtS. 

DESCRIPTORS  AIR  PULLOllON  CONTROL  I AU  lUMObl  LES  S  1  I  S  AOlOMli  T  I  VE  FUELS  ICAkHtiN 

MUNUxiut ;compressiun:design:  u2;diesec  engines:  t^.ui ;t*HxusT 
gases:  u<  jexhausi  rel Ihculat  ion  sysiems;foel  economy:  o«-:puel 
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T I TLE ( MOM3  )  EFFLCTS  OF  EtfekGY  CONSTRAINTS  ON  TRANSPORTATION  SYSTEMS 

EDITOR  OR  COMP  MITTAL.  R.K.  (ED.) 

PAGE  NO  4  17-4JH 

CONF  TITLE  4.  NATIONAL  COHERENCE  ON  T ML  EFFECTS  OF  ENERGY  CUNsImAINI  ON 

TRANSPUHIAT ION  SYSTEMS 
CONF  PLACE  SCHEME lTAOY.  NY.  USA 

CONF  DATE  1  AUG  IV'#'/ 

DATE  DEC  IN  77 

categories  eus-jjc owe; j^020E:2vaooc  ievo.cc 

PRIMARY  CAT  tUb-JJCJl/' 

REPORT  NO  CONF -7 7 Ct 70 — 

ABSTRACT  AN  HISlU.ICAL  BACKGROUND  IS  GIVEN  OF  RAILROAD  L  Lt  CT  R  I  F  I C  AT  1  ON 

■IlHlN  T  ME  U.S.  DATA  ARE  ALSO  PRUV 1DE0  RELATED  IO  PERCtNT 
ELECTRIFICATION  OF  RAILROAD  ROUTE  MILES  YllHlN  Tne  MAJU- 
OLVE  lOpE  l*  COlNTrIES  AROUND  Tut  »OWLD.  AN  ATIEKhT  IS  MADE  TD 
PROVIDE  UUANTI FICAT ION  OF  InE  bENEFITS  ACCRUED  DUE  TO 
ELECTRIFICATION.  THE  ECONOMIC  ANO  TECHNICAL  ChAKAC I LR 1  ST  I CS 
bEIattN  THE  OIESEL/ELECTRIC  AND  LLECIkIC  TRAINS  akE  COMPAJtO . 
The  FDLDaING  ASPECTS  OF  ELECTRIFICATION  ARE  UF  PRIMARY  CON< t Rr. : 
ELECTRIC  LUCLMJTIVES  HAVE:  SSUP  2A/ASUU  3*  LO»tR  MAINIf NANCE 
Cost:  T  4 1 Ct  bCONUMJC  LIFE.  Aik#  ASUP  lA/ASOb  FT  THi 
OUT  -UF  —St  «V  1 CE  time.  ALSO  LISTED  AKl  T»C  COMPONENTS  of  COST  F()l 
ELeCTR if ICAT  1UN.  AND  DATA  ARE  PROVIDED  ON  Tut  RAIL  OF  RtTuRK 
ESTIMaIED  UNDER  SEVERAL  SCENARIOS.  11  IS  CONCLUDED  THAT  1  Hi 
UUtSTIUN  bEF LFi E  US  IS  NOT  VHETHER  OR  NOT  TO  HA vt  ThE  RAIL 
ELt  CTR  IF  ICAT  IUN.  bUT  WHEN. 

DESCRIPTORS  COMPARATIVE  EV ALOAT  IONS I  01 E SEL  ENGINE  SlECONuMIC  IMPACT:  0|: 

ELELTRIC  RAILWAYS:  T  I  i  FE  AS  I O I L 1 1  Y  S  TUD  I  LS  :  HY  bR  I  it 
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AUGMENTATION  NUCLEAR  POWER  PLANTS 

ABSTRACT  If*.  AblLllY  ID  CALCULATE  ACCURATELY  1 Ht  DYNAMIC  RCSPUNSt  OF  A 

DIESEL -GENERATOR  SET  USED  IN  NUCLEAR  POWER  PLANlS  IS  OF 

increasing  importance  today,  a  description  is  given  of  •  fctmod 

OF  COMBINING  Dt  T  A ILE  D  COMPONENT  MODELS  INTO  A  COMPuSITt  DIESEL 
GENErAIUr  SE1  MODEL  WHICH  CAN  TntN  bt  PROGRAMMED  INTO  A  DIGITAL 
COMPUTER  FOR  CALCULATING  ACCURATE  AND  RAPID  RESULTS.  7  RtFS. 
DESCRIPTORS  CALCULATION  1C  THUDS  ID  IE SEL  ENGINES!  M2  ,U  I .ELECTRIC  GENERATORS! 
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ABSTRACT  A  RESEARCH  PROW!  AM  FOR  AN  INNOVATIVE,  HIGH  PAYOFF  CONCEPT 

CALLED  THE  ADIABATIC  DIESEL  ENGINE  IS  DESCRIBED.  THIS  CNGINc 
CONCEPT  INSULATES  THE  DILSEL  COMBUSTION  CHAMBER  WITH  HIGH 
TEMP ER A 1 URE  MATERIALS  TD  ALLOW  ••HUT*1  OPERATION  NtAR  AN 
ADIABATIC  OPLRATING  CONDITION.  THE  ••hUT»«  UR  INSULAlcD  nICM 
T  EMPb  R  A  T  ONE  COMPONENTS  INCLUDE  PISTON,  CYLINDER  Fit  AD.  VALVES. 
CYLINDER  LINER  AND  tXFlAUSl  PORTS.  ADDITIONAL  PUWtR  ANL  IMPROVED 
EFFICIENCY  OCHIVLO  F RUM  THIS  CUNCEPT  OCCUR  bLCADSC  THERMAL 

energy,  normally  lost  to  The  cooling  water  and  exhaust  ga_-.  is 

CIMVLKTED  10  USEFUL  POWER  THROUGH  THL  USL  OF  lURUUMALHINtR V  AND 
HIGH  TEMPERATURE  MATERIALS.  BY  GREATLY  REDUCING  LUST  ENERGY  AND 
ESSENTIALLY  eliminating  The  NEED  FUR  A  CONVENTIONAL  COOL  INC 
SYSTEM,  This  ENGINE  «ILL  DRAMATICALLY  IMPMOVc  fuel  ECONOMY  dr 
INCREASE  POWER  FUR  THL  SAMt  FUEL  I NPU  T  BY  30X  OVER  CURRENT 
HIGHLY  EFFICIENT  DIESEL  ENGINES  AND  WILL  RESULT  IN 
APPROAIMATELV  A  404  REDUCTION  IN  BOTH  WEIGHT  AND  VDLUME  FOR  THE 
SAME  HORStPDYER  LEVEL.  EF4.INE  DESIGN.  MATERIALS.  AND  MATERIALS 


TtSTING  TtCMNIOUtS  ARE  DISCUSSED. 

DESCRIPTORS  CtHAMILS'.OESlGN'.DItSEL  tNGINES*.  1  1  {MAT  ER1  ALS  S  MATER  I ALS  TEST  INC; 
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E0B-3Ju3u0{2S09O4 
E OB— 330300 

A  REVIEW  IS  GIVEN  OF  THE  HISTORY  AND  CUN  RE  NT  STATUS  OF  ELECTRIC 
RAILWAYS.  ENVIRONMENTAL  IMPACTS  ARE  CONSIDERED.  ANO  OVERHEAD 
ELECTRIFICATION.  ELECTRIC  bAITCRILS.  01ESEL  ENgInLS.  ANO  GAS 
TlXblNtS  ARE  CONSIDERED  AS  ELECTRIC  POWER  SOURCES.  THE  DIRECT 
CLNRtNT  TRACTION  MOTOR  IS  BELIEVED  TO  UC  THE  BEST  MEANS  TC> 

DRIVE  THE  WHEELS.  BUT  AC  SYSTEMS  ARE  ALSO  CUNSIOEREO.  ELECTRIC 
FAULTS  OCCUR  IN  BOTH  AC  ANO  DC  SYSTEMS.  (PMA| 

DIESEL  ENGINES  {ELECTRIC  BATTERIES  SELECIR  1C  MOTORS  ICLCCT  R  I  C 
RAILWAYS:  T1 {ELECTRICAL  FAULTS { ENV 1RONMENT AL  IMPaCTSTGAS 
TtfcL INC S {POWER  TRANSMISSION  LINES {REV  I EwSi  D I { T tCHNOLUGV 
ASSESSMENT 
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HYBRID  PROPULSION  SYSTEMS  FOR  ELECTRIC  ROAD  VEHICLES  FOR  SHORT 
RANGE  PUoLlC  PASSENGER  TRANSPORT/TEST  AND  OPERATIONAL 
ExPER It  RLE /PROSPECTS 
SIRIflCr.  P. 

O  A I  Mg  tR  —  t)EN  2  AG.  STUTTGART 

FOURTH  INI  ERNE  1 1 UNAL  ELECTRIC  VEHICLE  SYMPOSIUM.  VOL.  1 
IIP.  PARER  221.7 

A.  INTERNET IIMAL  ELtCTRIc  VtnlCLE  SYMPOSIUM 
OUSSELuURF.  F. R.  GERMANY 
31  AUG  1V76 

ELECTRIC  VEHICLE  COUNCIL.  NEW  YORK 
IV7E 

In  German  AND  ENGLISH 

SEE  CONF -760 06 C> - PI 

EUB-3sU3v>0i  2  SO  VO** 

ECJO— 3303CC 

IN  GERMAN  AND  ENGLISH 

EXPERIENCE  WITH  TWO  PART-LLELTRlC  OR  ALL -ELECTRIC  HVuHID 
PROPULS 1UN  SYSTEMS  IS  DESCRIBED.  THE  HYBRID  BUS  OE  3u2/30b 
DtRIVLS  ITS  ENERGY  FROM  A  LEAD  BAlTLRY  AND/OR  A  0 1 1 SEL -OR  I vc N 
CF.AR G 1 NG  UNIT,  the  charging  engine,  being  DESIGNED  for  A  LOW 
average  POWtR.  CAN  BE  OPEN ATLD  AT  VlR 1 DALLY  CONSTANT  SPEED 
WITHIN  a  FAVOR aule  part  uf  ITS  CHARACTERISTIC  AND  CAN  bt 
EFFECTIVELY  enclosed  acoustically,  constant  power  output. 
IRRESPECTIVE  OF  THE  LEVEL  OF  CHARGE  OF  THE  BATTcRT.  WOULD  HAVC 
RLGDIRED  THE  MORE  EXPENSIVE  REGULATION  SYSTEM.  FOR  SIMPLICITY, 
CONSTANT  POWER  WAS  Ab ANO UN ED  AND  AN  INCREASE  IN  T Ht  0  TO  SC 
KM/H  ACCELERATION  TIME  FROM  13  Tu  17  SECONDS  AS  THE  BATTEhV 
DISCHARGES  WAS  ACCEPTED.  The  Duo -BUS  IS  based  UN  TnL  concept 
That  {1  IS  BETTER  TO  LIMIT  OPERATION  WITH  OVERHEAD  CONDUCTORS 
TU  The  MOST  FCAVILY  used  main  roads.  IN  THE  VARIANT  USING 
BATTtRT  OPERATION  AWAY  FROM  THE  UVLRhEAD  CONDUCTOR  SYSTEM.  A 
POWER  SUPPLY  UNIT  IS  UStL  TO  FEED  THE  TOTOR  AND  BATTtRV  ( 3g0  V) 
FROM  ThL  60C  V  SYSTEM.  BECAUSE  OF  THE  HEAVY  LOAD  ON  THE  NATTLRY 
DUE  TO  DISCHARGING  AND  CHARGING.  IT  IS  NECESSARY  TU  HAVE  AN 
ELECTROLYTE  COOLER  UN  THE  RUUF  OF  THL  BOS.  A  SC LUND  PROPULSION 
SYSTEM  WITHOUT  BATTERY  USES  EITHER  AN  ELECTRIC  MOTOR  (FED  FROM 
THE  UVERF1LAD  CONDUCTOR  SYSTEM!  OR  A  DIESEL  ENGINE.  THE  HYbRlL 
PROPULSION  SYSTEMS  DESCRIBED  ARE  AT  LEAST  PARTLY  (I.E..  WHERE 
IT  IS  NECESSARY)  CM  I SS I ON-FHLE  AND  ELSEWHERE  1 HE  I N  EMISSION  IS 
LESS  THAN  THAT  OF  THE  NORMAL  DIESEL  BUS.  FDcL  CONSUMPTION.  IN 
TERMS  OF  PR  1  MARY  ENERGY,  Is  HIGHER  1HAN  THAT  OF  A  DIESEL  BUS 
BUT  IT  PcRMtIS  A  SMALLER  RELIANCE  ON  PETROLEUM  DERIVATIVES. 
OPERATING  COSTS  ARE  AROUFC  EOS  TO  AOX  HIGHER  THAN  FOR  A  DIESEL 
Bus  according  to  the  type  of  propulsion  system  and  the  muol  of 
UPERAT  I  UN.  IN  DECIDING  ON  T  F*t  USE  OF  THESE  VEHICLES.  THIS  FACT 
MUST  bt  SET  AGAINST  THE  ADVANTAGES. 

COST { DEMONS! NA  T I UN  PROGRAMS  I  UIIDIESEL  ENGINE S {LLLCTR I C  MOTORS; 
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JUN  1977 

tDb-330102 

EUS-J30IO2 

VPS  DECISION  TO  PRODUCE  A  DIESEL  COMLS  AF  TER  EXTENSIVE 
ANAL  V  SL  S  OF  POpERPLANTS  APPROPRIATE  FOR  THE  NEXT  TPU  DECADES. 
TFfclR  STUDY  CONS  I OE  RE  L  EVLKVTHINu  FROM  CONVENTIONAL  ENGINES  TO 
GAS  TuRblNES.  ROTARIES.  AND  EVEN  SEVERAL  E XT ERNAL -COMBOS T 1  ON 
CUNF IOORAT iONb.  THE  THREE  COMMON  APPROACHES — SPARm-IGNI TEO. 

DIESEL.  AND  STRA T I F ILD-CHARbE - WERE  IDENTIFIED  AS  HAVING 

EVIDLNT  SUPERIORITY  IN  MASS  PRODUCTION  APPLICATIONS.  AT  LEAST 
UNI  1  L  1  V  VG  •  AC  SCI  •  BASED  ON  CONCEPT  ACCEPT  AOl  L  1  TV  .  FUNCTIONAL 
DUALITY.  RESOURCE  CONSERVATION.  AND  ENVIRONMENTAL  ASPECTS.  IT 
PAS  CONCLUDED  THAI  THE  OIESELaS  COMPETITIVE  PoSIT  1DN  MOOLI) 
IMPROVE  UVER  THIS  TIME  FRAME. 

AIR  HOLLO!  I  ON*  AO  TQM  Ob  I LE  SI  L  Cl  Mb  US  1  I  UN  CHAMbtRL  JOE  S  iGN  ;  O  I AUR  AM  S  i 

diesel  engInls:  Tiifoll  economy {machine  part s;manof actor ing:  ui 

NUlSe  POLLOT ION*  NUZZLES! PERFORMANCE i PUMPS  S  SE  RV 1 CE  L I FE • T  ORUUE 
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DEL  IV77 
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TfXEL  MLIHODS  of  INCREASING  the  POMEk  CAPABILITY  of  Ole  Sn  L 
ENGINES  ARE  INCREASED  SPEED.  INCREASLO  DISPLACEMENT,  AND 
INCREASED  SPECIFIC  OUTPUT.  THE  ADVANTAGES  ANO  DISADVANTAGES  i'F 
INCREASED  SPECIFIC  OUTPUT  ARE  DISCUSSED.  ADVANTAGES  INCLUDE 
MINIMUM  LNUltC.  SIZE  ANO  SPECIFIC  PLIGHT  CHANCt .  REDUCED 
SPECIFIC  FUEL  CONSUMPTION.  COPER  HEAT  REJECTION.  liIpER  RELATIVE 
HVOROLARUUN  EMISSIONS.  SMALL  INCREASE  IN  MANUFACTURING  COST. 

A M>  REDUCTION  IN  SERVICE  PARIS  PROLIFERATION.  DISADVANTAGES 

include  increased  thermal  and  mechanical  LOADING,  lop  SPIED 

TQRUUt  LIMITATIONS.  INCREASED  NO/SOb  AS  EMISSIONS.  AND  HIGHER 
NOISE  CCVLCS.  (PMA) 

AIr  POLLUTION  ABATEMENT;  AUTOMOBILES:  1  ItCOST  '.DESIGN;  gi  ;  D 1  e  SEL 
Engines:  T2.GI  {EXHAUST  gases:  U<:;FUEL  CONSOMPT  ION  jhydroc  addons  ; 
mai n i l nance : ni trogEn  oxi des ; noi se ; size ; thermal  efficiency; 

TtXuUE  {PLIGHT 
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PHAT  ARE  THE  FUEL  ECONOMY  POTENTIALS  FOR  tOROPEAN  CARS:  AND 
FIX  DOMESTIC 

AUTUMUT.  ENG.  IN.V.I.  V.  bS.  NO.  II.  PP.  34-39 
NOV  I  V  7  7 
CUB -3 JObvC 
EOS— 33bcob 

A  DISCUSSION  IS  GIVEN  OF  AUTOMOBILE  DESIGN  FACTORS  INFLOENLING 
FUEL  LCONOMV  IN  EUROPEAN  ANO  U.S.  CAmS.  SIMULATION  EASED  UN 
EWMRICAC  STUDIES  OF  EUROPEAN  CARS  PERL  USED  TO  DETERMINE  FUEL 
CONSUMPTION  VALUES  ANO  T  FA  EFFECTS  OF  PARAMETER  VARIATIONS. 
DYNAMOMETER  TESTS  OF  SOME  1977  U.S.  CARS  ARE  RcPoRIED.  SHOEING 
TrC  ADD  1 T IONAC  FUEL  CONSUMPTION  RESULTING  FROM  EMISSION 
CONTROLS.  ALSO  DISCUSSED  ARE:  (II  fcNG iNt -T RANSM 1 Sjl UN  MATCHING 
IXPROVEMCNTS  S  UI  IMPROVED  GASOLINE  ENGINES:  (31  OlCStL  ENGlNrS 
AM)  1*1  STRATIFIED  CHARGt  ENGINES.  (PMAI 

aotomooilcs:  ti;oesign;  ui;diescl  e Ng ines ;i>vnamoml tens ;f ull 
economy:  01  IFCCHANlLAL  T  RANSM  I  SS I ONS;  HOLLO  1 1  ON  CCINIROL 
EUOIPMENI  .SIMULA T 10N.SPARX  IGNITION  L NGINE SJ ST RAT  IF  I EO  CHARGE 

eng ines; it st ing;pcIght 
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NONE 
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ASYMPTOTIC  COMBUSTION  OF  SPHERICAL  DmUPS 
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LETT.  HEAT  MASS  TRANSFER.  Y.  4.  NO.  4.  PP .  Zol-ZT. 

1977 

E0b-4uubb0 
EUb-*Ou(  uu 

AN  ANALYSIS  IS  MAOE  TU  UtTENMINt  THE  RATES  OF  OkUP  SHRINKAGE 

ari  flaml  horrent  during  the  asymptotic  combustion  of 
SPHtRICAL  ORlPS  controlled  by  the  transport  OF  heat  and  MASS. 

T *  EFFECTS  CP  UNSTEADY  DIFFUSION  ANO  RADIAL  CONtftCTION  OF  Ht A T 
AKA*  MASS  ARE  TAKEN  INTO  ACCOUNT.  EXACT  SOLUTIONS  OF  I  He 
EUUATIUNS  GOVERNING  SPHERICALLY-SVMME TklC  TRANSPORT  PHENOMENA 
ARC  UbIAINED  FROM  BHlCM  THE  EXPRESSIONS  DESCRIBING  THt  KAdIUS 
T1MC  HlSUIRY  FOR  THE  DROP  ANO  FLAME  SURFACE  ARE  UE  T  EKM1NCD  .  T'il 
EFFECIs  OF  GAS  1NERIIA.  TRANSIENT  TERMS.  ANO  RADIAL  CONVECTION 
RtSUL 1  I  No  FROM  UNE  GOAL  FLUID  DENSITIES  ARE  ESTAOLIShCD  AND  THL 

reg i dns  uf  applicability  of  previously  reported  approximate 

SOLUTIONS  ARE  DETERMINED. 

ALRGSucSlbUMFA.  k&  1  COMBUST  ION  KINETICS:  Ul {CON VECl ION; OENS 1 T Y ; 
OIESll  ENG1 NlS IDROPLE IS. FUEL  SOLuT IONS {FUE LS {GAS  T UR o I NE S ; ME  AT 

thansfer;liouio  fuels:  t i; mass ;mot ion ;rockei  encinesisize : 
VOLUME 
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ENGINEERING  HlGHLlGHlS  UF  197b  AUTOMOBILES 

AUTUMUI.  LNb.  (N.Y.I.  V.  BS.  NO.  lb.  PP.  36-43 

OCT  1977 

EUb-330600 

EOB-33GCOO 

CAFE.  CORPORATE  AVERAGE  FUtL  ECONOMY.  PROVIUtS  A  FOCUS  FOR 
VIEBlNG  1970 *S  OFFERING  UF  DOMESTIC  AOTOMObl LCS.  FEDERAL 
LEG  1  SLA  I  ION .  OF  COURSE.  REUUIRES  THAT  SALES-bE IGHlbD 
FUEL-lCuNUMY  AVERAGES  HIT  NO  LtSS  THAN  1M  MPg  This  CURING  year, 
and  AUTOMAKERS  ARE  COMMITTING  EXTtNSI VE  Ut VELOPM-NT  EFFORTS  TO 
MEET  CAFE  STANDARDS  THROUGH  I9S6*S  FORMIDABLE  77.6  PPG.  THIS 
STRIVING  FUR  BETTER  FUEL  ECONOMY  MANIFESTS  1  I  SELF  IN  BE  IGH1 
REOUCIIUN,  aERQOYNAMIC  1  W'ROVEMENl •  VEHICLE  RESIZING.  AND 
CAREFULLY  MAlCYCD  DRIVE  TRAINS.  BOTH  INNOVATION  AND  REFINEMENT 
ARE  EVIDENT  AMONG  (9/B'S  ENGINEERING  HIGHLIGHTS.  INNOVATIONS 
INCLUDE  THE  FIRST  UUMES1 It ALLY-PkOOULED  DIESEL  FOR  PASSENGER 

car  use  ano  a  turbocharged  v-t>.  the  latter  perceived  as  a 

PUSS  111 fc  ALTERNATIVE  TO  This  CUUN 1 R Y  *  S  POPULAR  V-E.  REFINEMENTS 
INCLUDE  MORE  PLASTICS.  ALUMINUM.  ANU  HSLA  ST  ELLS  FOR  BE 1GHT 
REDUCTION.  A  POSITIVE  LOCKUP  TORUUL  CONVERTER  FOR  MURE 
EFFICIENT  AUTOMATIC  TRANSMISSIONS.  AND  INCREASING  ELECTRONIC 
CUNTWOC  OF  ENGINE  FUNCIIIMS.  INCLUDING  TBO  NIB  ADOPTIONS  UF 
1FMEE-BAV  CATALYTIC  CUNVCRSIUN. 

AERUOYNAM ICS  TAUT  ONOb I cES :  Tl {CATALYTIC  CONVERTERS {DESIGN.  bl{ 

diesel  engines {Electric  lontrollersifuel  economy ;maierials; 
mechanical  TRANSMISS I ONS{& 12 E{ SUPERCHARGERS;  BblGHT 
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ABSTRACT  bLNE FI  IS  FOR  MUL  T  IGRADED  OILS  OtVELOPLU  PCiR  UltStL  ENGINE 

servile  mere  fuuno  in  performance  areas  such  as  lu>  iemperatul. 

ENGINE  crank  INU/SIAR1  INU.  OIL  CONSUMPTION  RATE.  BtARING  sear. 

ano  fuel  economy  in  stup-ano-cu  service,  studies  continue  in 
IFOICATt  THAI  multicmaueo  oil sel  ENU1NE  OILS  SHOULO  b£ 
fohmolatlo  a  it  h  a  minimum  amount  of  pure  polymer,  consistent 
■  1TH  EiCSIREu  VISCOME'TRIC  TARGETS,  IN  UROtk  To  MINIMISE  PISTON 
OEPOSIT  FORMATION.  PREMIUM  MOLT  iGRADtO.  EX  IE  NOEL*  ORAIN 
LUBRICANTS  OLPtNO  UPON  MODERN  VISCOSITY  IMPROVER  TECHNOLOGY 
COUPLE  G  »ITH  IMPROVEO  DETERGENT-INHIBITOR  AOolTIVt  TECHNOLOGY. 
DESCRIPTORS  AGO  I  I  I v t SJ BE  AH  1 NuSJ OE POS IT S i Ol ESE L  EnuINeS:  12.01  {FUEL  ECOKuRy; 
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trolks:  i i ; viscosit y;«ear 
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STIRLING  ENERGY  CONVERSION  SYSTEMS 
Analysis 


There  are  two  engine  types:  1)  free  piston  and  2)  kinematic.  The 
earliest  commercialization  date  is  1990  for  either  engine  type.  T^ie  largest 
free  piston  system  is  less  than  100  kW  and  the  largest  kinematic  system  is 
3000  kW.  The  input  data  for  analysis  of  the  Stirling  system  parameters  are 
summarized  in  Table  13. 

The  following  relationships  were  determined: 

Stirling  Engine  Acquisition  Cost  Except  Balance  of  Plant  (SACX) 


SACX  -  $250/kW 
Range  *  $50/kW 


Table  13.  DATA  USED  IN  ANALYSIS  FOR  DIFFERENT  PARAMETERS  OF  THE 
STIRLING  ENERGY  CONVERSION  SYSTEM 
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Conversion  System  Shut-down  Time  (SSHUT) 
SSHUT  -  8.33E-02  minutes 

Based  on  best  judgement  of  time  to  bring  shaft  to  zero  RPM. 
Stirling  Engine  Volume  Except  Balance  of  Plant  (SEV) 

SEVI  =  0.96  ft3/kW  £  10  kW 
SEV I I  =  0.31  ft3/kW  >  10  kW 

Stirling  Energy  Conversion  System  Volume  (SSV) 

SSV  =  54.88636077  X0 .559709721  (ft3) 

x  *  kW 

Stirling  Engine  Area  Except  Balance  of  Plant  (SEA) 

SEA  -  0.257901952  x0,66859887  (ft2) 
x  *  kW 

Stirling  Energy  Conversion  System  Area  (SSA) 

SSA  -  21.67186583  x°*356912292  (ft2) 
x  *  kW 

Stirling  Engine  Weight  Except  Balance  of  Plant  (SEWT) 

SEWTA  -  38.6  lb/kW  £  5  kW 
SEWTB  -  18.4  lb/kW  >  5  kW 

Stirling  Energy  Conversion  System  Weight  (SSWT) 

SSWT  -  0.903041797  X1 .323376905E03  (lb) 

where  x  *  kW 

Mobile  £  100  kW 

Transpo  250  £  capacity  £  1000  kW 
Pixed  @  capacity  ■  5000  kW 
Growth  Potential 

Stirling  Energy  Conversion  Systems  are  non-codular 


Raw  Materials 


Environmental  Constraints 

The  ordinal  rating  is  5.  See  Table  15* 


Location  Constraints 

The  ordinal  rating  is  4.  See  Table  16. 


Operational  Constraints 

The  ordinal  rating  is  5.  See  Table  17. 


Thermal  Energy  Available 


Ordinal  rating  is  2 


3/8 
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Table  16.  STIRLING  ENGINE  ENERGY  CONVERSION  SYSTEM  LOCATION  CONSTRAINTS 


_ Constraint _ 

1.  Water  Requirement 

2.  Manning  Requirements 

3.  Fuel  Availability 
and  Delivery 

4.  Fuel  Storage 

5.  Other 


Effects  _ Remarks _ 

-  Small  amount  for  water-cooled  engines 

-  Minimal  attention  and  normal  Inspec¬ 
tion  procedures  are  adequate 


6 

A 


Fuel  delivery  may  be  a  problem  due  to 
poor  weather  or  poor  road  conditions 


Overall  Assessment:  The  ordinal  score  is  4  indicating  moderate  locational 
constraints. 


Table  17.  STIRLING  ENGINE  ENERGY  CONVERSION  SYSTEM  OPERATIONAL  CONSTRAINTS 
_ Constraint _  Effect  _ Remarks _ 

1.  Part-Load  Capability 

2.  Overload  Capability  0 

3.  Load  Following 
Capability 


Overall  Assessment:  The  ordinal  score  is  5  indicating  excellent  turn-down 
capability;  minor  efficiency  penalty. 


DATA  SHEET 


Energy  Conversion  System:  Stirling  Engine-Kinematic 


Parameter: 

Efficiency 

Energy 
Conversion 
System  Ref. 

Parameter  Value 
Study  Operating  Plant 

Plant 
Size,  kW 

Assumptions  of 

Advanced  State  of  the  Art 

S.  19 

33 

45 

3600rpm,  30°C/820°C,  metal 

S.  19 

AO 

62 

3600rpm,  30°C/1120°C,  cer¬ 
amic 

S.  21 

33 

30 

2500rpm,  hydrogen 

S.  22 

45 

500-2000hp 

DOE  programs 

S.  3 

40  (33  net  electric) 

500-3000hp 

GE-DOE  funded,  for  demon¬ 
stration  in  1985 

S.  15 

45  (goal) 

*  1000 

6.8  years  development 

from  the  time  of  demon¬ 
stration 


DATA  SHEET 


Energy  Conversion  System:  Stirling  Engines-Kinematic 

Parameter:  Volume/Size 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


DATA  SHEET 


Energy  Conversion  System:  Stirling  Engines-Kinematic 

Parameter:  Start-up/Shut-down  Time 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Opera tins  Plant  Size.  kW  Advanced  State  of  the  Art 


DATA  SHEET 


Energy  Conversion  System:  Stirling  Engines-Klnematic 
Parameter:  0  &  M  Cost  (1980  dollars) 


Energy 

Conversion  Parameter  Value  Plant 

System  Ref.  Study  Operating  Plant  Size,  kW 


Assumptions  of 
Advanced  State  of  the  Art 


S.  20  5 X  of  capital  cost 

(>  $2  million) 

10%  of  capital  cost 
(<  $1  million) 


DATA  SHEET 


Energy  Conversion  System:  Stirling  Engines-Kinematic 
Parameter:  Acquisition  Cost  (1980  dollars) 


DATA  SHEET 

Energy  Conversion  System:  Stirling  Engine-Kinematic 
Parameter:  Life-Time  (Hrs) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size.  kW  Advanced  State  of  the  Art 


S.  3 


10,000  between  overhaul  500-3000hp 


DATA  SHEET 


Energy  Conversion  System:  Stirling  Engines-Kinematic 
Parameter:  Operational  Constraints 


Constraint 


Environmental 

Thermal  Discharge 
Air  Pollution 
Noise 

Solid  Waste 
Chemical  Waste 

Location 

Water  Requirements 
Manning  Requirements 
Fuel  Delivery 
Solar  Insolation 
Wind  Requirement 
Metropolitan  Siting 
Electrical  Power  Requirement 

Operational 

Part  Load  Efficiency 
Part  Load  Capability 
Solar,  Wind  Dependence 
Overload  Capacity 
Load  Following 
Life  Dependence  on  Cycling 


Energy  Conversion  Systems  Reference 
_ Studies _  Operating  Plants 


S.  21  S.  19 

S.  21  S.  19 

S.  21 
S.  21 


S.  21  S.  19 

S.  21 

S.  21 
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DATA  SHEET 


Energy  Conversion  System:  Stirling  Engine-Free  Piston 
Parameter:  Efficiency 


Energy 

Conversion 


System  Ref. 


Parameter  Value  Plant 

Study  Operating  Plant  Size.  kW 


Assumptions  of 
Advanced  State  of  the  Art 


S.  21  No  specific  data  given 


S.  6 

60%  (goal) 

15kW  (10-100) 

ERG, 

Solar  Linear  Gen. 
Ceramic  Engine 

S.  7 

35% 

15kW 

MTI , 

Solar  Linear  Gen. 
Gas  Bearings 
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DATA  SHEET 

Energy  Conversion  System:  Stirling  Engine-Free  Piston 
Parameter:  Acquis tion  Cost  (1980  dollars) 

Energy 

Conversion  Parameter  Value  Plant  Assusgitions  of 

System  Ref.  Study  Operating  Plant  Size.  kW  Advanced  State  of  the  Art 


$60/kW 


10-100  ERG,  Ceramic  Engine 
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IK  UN  1TL0  STIRLING  PAO  ENGlK  IS  A  KEY  COIPQNCNT  IN  A  SOLAR 
CONCENTRATOR  BASED  ENERGY  CONVERSION  SYSTEM.  TO  BE  DEMONSTRATED 
AND  TESTED  OU*  IMG  1960-1 96 1  •  THIS  PAPER  REVIEWS  T«E  INHERENT 
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IK  RESULT  UP  EXTENSIVE  COMPONENT  DEVELOPMENT  WORK  AT  UNITCO 
STIRLING  IN  SWEDEN.  AND  IS  ALSO  PLAYING  KEY  ROLES  IN  OTHER 
APPLICATION  M*  OGHAMS.  NOTABLY  TK  DOE /NASA  AUTOMOTIVE  STIRLING 
ENGINE  PROGRAM.  TK  EXTENT  OP  MODIFICATIONS  REOUlMEO  FOR  THE 
SOLAR  APPLICATION  IS  REV  1C  WED  AND  PERFORMANCE  DATA  ARC 
PREDICTED.  FINALLY.  TK  POTENTIAL  OF  AN  ADVANCED  SOLAR  STIRLING 
ENGINE  IS  BRIEFLY  DEALT  WITH. 
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BRAVTON  AND  STIRLING  ENGINES  WERE  ANALYZED  FOR  COST  ANO  SELLING 
PRICE  FOR  PRODUCTION  (QUANTITIES  RANGING  FROM  1000  TO  400.000 
UNITS  PER  YEAR.  PARIS  ANO  COMPONENTS  WERE  SUBJECTEP  TO  UOEPTH 
SCRUIINY  TO  OETERMIK  OPTIMUM  MANUFACTURING  PROCESSES  COUPLED 
WITH  MAKE  OR  BUY  DECISIONS  ON  MATERIALS  ANO  SMALL  PARTS. 

TOOLING  AND  CAPITAL  EQUIPMENT  COSTS  WERE  ESTIMATEO  FOR  EACH 
DETAIL  AND/OR  ASSEMBLY.  FOR  LOW  ANNUAL  PRODUCTION  VOLUMES.  TK 
BRAY  TUN  tNUlK  APPEARS  TO  HAVE  A  LOWER  COST  ANO  SELLING  PRICE 
THAN  THE  SIIRLING  ENGIK.  as  annual  PRODUCTION  (QUANTITIES 
INCREASE.  THE  STIRLING  BECOMES  A  LOWER  COST  ENGINE  THAN  THE 
BRAY  TON.  both  ENGINES  COULD  EE  KF  IT  -  COST  WISE  -  IF  CHANGES 
WERE  HADE  IN  MATERIALS.  DESIGN  ANO  MANUFACTURING  PROCESS  AS 
ANNUAL  PRODUCTION  UUAMT I  TIES  INCREASE. 

bkAYTON  CYCLES BRAVTDN  CYCLE  POWER  SYSTEMS!  T3.DI {CAP I TALI COST! 
U2.UJSMAMUFALTUR JNGSMATERIALSSPRICESIPROOUCTIONSSOLAR  THERMAL 
POWER  PLANTS!  T| {STIRLING  ENGINES!  T2 *01 
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DESIGN  ANO  DEVELOPMENT  OP  STIRLING  ENGINES  PON  STATIONARY  MOVER 

GENERATION  APPLICATIONS  IN  THE  MS  TO  MM  HP  RANGE.  SUM  TASK 

IA  REPORT:  STATE-OF-THE-ART  CONCEPTUAL  DESIGN 

GENERAL  ELECTRIC  CO..  PHILADELPHIA.  PA  IUSAI.  VALLET  FORGE 

SPACE  CENTER 
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I  MAR  IMS 

E 06-200 1021200 1425003 

ED.-200I02 

OOE/ET/ 1520*— Tl 

T*  FIRST  PORTION  OF  THE  CONCEPTUAL  DESIGN  STUOY  OP  STIRLING 
ENGINES  FOR  STATIONARY  POVER  APPLICATION  IN  THE  MG  TO  MOO  t. 
RANGE  WHICH  WAS  AIMED  AT  STATE-OF-THE-ART  STATIONARY  STIRLING 
ENGINES  FOR  A  1VSS  HARDWARE  DEMONS  TRA  T I  ON  IS  SUNNARIZEO.  TK 
MAIN  GOALS  OF  THIS  EFFORT  WERE  TO  OBTAIN  RELIABLE  COST  DATA  FOR 
A  STATIONARY  STIRLING  ENGINE  CAPABLE  OP  MEETING  FUTURE  NEEDS 
FOR  IOTAL  ENERGY  /COGENERATION  STSEMS  At.  TO  ESTABLISH  A 
PRAGMATIC  ANO  CONSERVATIVE  BASE  DESIGN  FOR  A  FIRST  GENERATION 
HAROWARE.  STARTING  WITH  AN  EXTEKIVE  SCREENING  EFFORT.  A  ENGINE 
TYPES.  I.E..  Y-TYPE  CRANK  ENGIK.  RAO  I AL  ENGIK.  SWASHPLATE 
ENGIK.  ANO  tHOM.IC  DRIVE  ENGIK.  MO  3  KAT  TRANSPORT  SYSTEMS. 
I.E..  HEAT  PIPE.  PRESSURIZED  GAS  KAT  TRANSPORT  LOOP.  ANO 
OIRECT  GAS  FRIED  SYSTEM.  SERE  SELECTED.  AFTER  A  PRELIMINARY 
LAYOUT  CYCLE.  THE  RHOMBIC  OR  IVC  ENGIK  WAS  ELIHINATCO  OK  TO 
INTOLERABLE  MAINTENANCE  DIFFICULTIES  ON  THE  PUSH  ROO  MACS.  V. 
RACIAL  AND  SWASHPLATE  ENGINES  seRE  TAKEN  TKOUGM  A  OETAILEO 
OES I GN/LAYOU T  CYCLE.  TO  ESTABLISH  ALL  IMPORTANT  OCSIGN  FEATURES 
At®  RELIABLE  ENGIK  WEIGHTS.  AFTER  COMPARING  ENGINE  LATOUTS  ANO 
ANALYZING  QUALITATIVE  AND  QUANTITATIVE  EVALUATION  CRITERIA.  THE 
V -CRANK  ENGIK  WAS  CHOSEN  AS  TK  CANO IOATE  FOR  A  IMS  HARDWARE 
DEMONSTRATION. 

co-generation:  T3:comparativc  evaluationsioesigmioual -purpose 

POSER  PLANTS teCONON  1C  AN4LTSI5IGRAPHS:  OiRAINTENANCE! 
PERFORMANCE:  Q2.DIMESEAR04  PROGRAMS:  OtlSTIRLlNG  INGIMSI 
T2.U3.UA.OI  TABLES:  o:  TOTAL  IKRGT  SYSTEMS!  T4 
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LARGE  SAVINGS  CAN  BE  MADE  IN  INDUSTRY  BY  COGENERATING  ELECTRIC 
POWER  AM>  PROCESS  HEAT  IN  SINGLE  ENERGY  CONVERSION  SYSTEMS 
RATHER  Than  SEPARATELY  IN  UTILITY  PLANTS  AM>  IN  PROCESS 
BOILERS*  THIS  STUOV  EXAMINES  THE  USE  OF  VARIOUS  ADVANCED  ENERGY 
CCMVERSIUN  SYSTEMS  AND  CWPANES  THEM  WITH  EACH  OTHER  AND  WITH 
CU*R£NT  ft CH  Ml  LOGY  SYSTEMS  FOR  THEIR  SAVINGS  IN  FUEL  ENERGY* 
CUSTS*  AND  EMISSIONS  IN  INDIVIDUAL  PLANTS  ANO  ON  A  NATIONAL 
LLVEL*  AbUUT  FIFTY  INDUSTRIAL  PROCESSES  FROM  THE  LARGEST  ENERGY 
CONSUMING  SECTORS  MERE  USED  AS  A  BASIS  FOR  MATCHING  A  SIMILAR 
NUMBER  OF  ENERGY  CONVERSION  SYSTEMS  THAT  ARE  CONSIDERED  AS 
CANO  I DATE  WHICH  CAN  BE  MADE  AVAILABLE  BY  THE  1 965  TO  2000  TIME 
PERIOD*  I Ht  SECTORS  CONS  IOEREO  SNCLUOEO  FOOD*  TEXTILES*  LUMBER* 
PAPER  •  CHEMICALS*  PETROLEUM*  GLASS*  AM)  PRIMARY  METALS*  THE 
£*CRGV  COM  VEk  ISON  SYSTEMS  INCLUDED  STEAM  ANO  GAS  TURBINES* 
DIESELS*  THERM  IONICS*  STIRLING*  CLOSEO-CYCLE  ANO  STEAM  1NJECTEO 
GAS  TURBINES*  AND  FUEL  CELLS*  FUELS  COI^IOEREO  WERE  COAL*  BOTH 
COAL  AND  PE  T ROLE UN -HA SCO  RESIDUAL  AND  DISTILLATE  LIQUID  FUELS* 
AM)  LOW  WIU  GAS  OBTAINED  THROUGH  THE  ON-SITE  GASIFICATION  OF 
COAL*  AN  ATTEMPT  WAS  MADE  TO  USE  CONSISTENT  ASSUMPTIONS  ANO  A 
CONSISTENT  SET  OF  GROUNONULES  SPECIFIED  BY  NASA  FOR  OETERNINING 
PERFORMANCE  ANO  COST.  ATM) SPHERIC  ANO  PRESSURIZED  FLUIOIZEO  BEO 
STEAM  lURtolNE  SYSTEMS  ARE  THE  MOST  ATTRACTIVE  OF  THE  DIRECT 
COAL-FIRED  SYSTEMS*  OPEN-CYCLE  GAS  TURBINES  WITH  HEAT  RECOVERY 
STEAM  GENERATORS  AND  CONBINEO-CYCLES  WITH  NO/SUB  X/  EMISSION 
REDUCTION  AND  MODERATELY  INCREASED  FIRING  TEMPERATURES  ARE  Tl« 
MUST  ATTRACTIVE  OF  Th£  CDAL-OERIVED  LIQUIO-F1REO  SYSTEMS* 
co-generation:  ts.u i .o;coal; comparative  evaluat ionssdiesel 
engincssecuncm  ic  analysis:  oselectric  power; energy 
conservation:  ui *os*d;energv  conversionicnvironmental  effects: 
OSSFLUIDIZED-BEO  COMBUST  ION (FUEL  CELLS (GAS  TURB I NES ; GRAPHS i  OS 
IM)USIRlAL  plants:  ti *o: numerical  data:  O {PROCESS  heatireviews; 
steam  turbines sstirling  engines; tables:  o;  technology 
assessment:  caiusa 
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»HE  LtN  I S  RESEARCH  CENTER  IS  CONDUCT  I  NO  TESTS  ON  THREE  STIRLING 
ENGINES  HANGING  IN  SI2E  FROM  I.3J  TO  93  HONE  SEPObCII  II  TO  *0  Ml 
.  THE  RESULTS  OF  THESE  TESTS  ARE  CONTRIBUTING  TO  THE 
DEVELOPMENT  CF  A  DR GAD  bASE  OF  STIRLING  ENGINE  TECHNOLOGY.  IN 
ADO  III ON  *  THE  TESTS  ARE  DIRECTED  TObARO  DEVELOPING  ALTERNATIVE. 
UACK(*>  COMPOAENT  CONCEPTS  TO  INPROvE  ENGINE  EFFICIENCY  ANO 
PEHPGRNANCE  UR  TO  HEUUCE  COSTS.  GONE  OF  THE  ACTIVITIES  INCLUDE 
INVESTIGATING  ATTRACTIVE  CONCEPTS  ANO  NATERI ALS  FOR 
CUOLER  "Rt  GENERATOR  UNITS.  INSTALLING  A  JET  IMPINGEMENT  DEVICE 
ON  A  STIRLING  ENGINE  10  DC  TERM  INC  ITS  POTENTIAL  FOR  IMPROVED 
ENGINE  PEMFOMIANCE.  AND  PRESENTING  PERFORMANCE  MAPS  FOR  INITIAL 
CHARACTERIZATION  OF  STIRLING  ENGINES.  SOME  OF  THE  EXPERIMENTAL 
RESULTS  TO  DATE  ANO  PREDICTIONS  OF  RESULTS  OF  TESTS  THAT  HILL 
BE  CONDUCTED  ON  THESE  STIRLING  ENGINES  ARE  PRESENTED. 
efficiency:  ^experimental  datai  difeasibili tv  stuoies:  on 
graphs:  d.nate ri als : performance  test i ng: regenerators: re search 
programs:  ui  ;spclif icatiuns:  otstirlIng  engines:  ti.o: 
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OPTIMIZE  THE  TtCRMOOVNAMlC  AND  DYNAMIC  PERFORMANCE  THROUGH 
COMPUTER  S I MIL  AT  I UN  *  AND  (3)  PERFORM  A  PRELIMINARY  DESIGN  OF  A 
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UVER  THE  PAST  FEW  YEARS*  MTI  HAS  CONCENTRATED  ON  THE 
DEVELOPMENT  OF  FREE -PISTON  STIRLING  ENGINES*  MTI  IS  COMMITTED 
TO  PRODUCT  C0MMERCAL1ZA1  ION  OP  PMEE-PISTqN  STIRLING  ENGINES  IN 
f HE  POWER  SIZE  RANGES  PROM  I  TO  25  KW*  THE  PREE-P 15T0N  STIRLING 
ENGINE  (FPSCI  PNOOUCT  DEVELOPMENT  PROGRAM  IS  INVESTIGATING  A 
number  OF  POTENTIAL  APPLICATIONS*  FREE -PISTON  STIRLING  ENGINES 
ARE  ATTRACTIVE  BECAUSE  OF  THEIR  HIGH  SYSTEM  EFFICIENCY  AND 
POIENTIAL  FOR  LONG  LIFE*  INHERENT  RELIABILITY*  AND  MAINTENANCE 
FREE  CHARACTER ISTICS.  IT  IS  ThESE  CHARACTERISTICS  WHICH  MAKE 
THE  FREE-P1SV0N  ENGINE  DRIVING  A  LINEAR  ALTERNATOR  0ESIRA6LE 
FOR  SMALL*  DISPERSED  SOLAR  THERMAL  ELECTRIC  POWER  SYSTEMS*  THE 
GENERAL  CONCLUSIONS  OF  A  RECENTLY  COMPLETED  STUOV  WITH 
NASA/LEWIS  flu  A  CONCEPTUAL  DESIGN  OF  A  IS  KW  FREE-PISTON  SOLAR 
STIRLING  ENGINE  ARE  REVIcWEO*  AND  K>*  THE  REQUIRED  TECHNOLOGY 
IDENTIFIED  IN  THAT  SluOY  IS  PRESENTLY  BEING  ADDRESSED  WITH 
HARDWARE  TESTING  IS  OISCUSSED* 
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HAHAOOCiC  Ul^l  CuLClC I  OH S« PARACOLIC  RtFLEC TORS  JPUWEH  RANGE 
IO-U0  aaSPumEm  svs  I  CMS  S  SC  Ns  IDLE  HEAT  STORAGE  JSuLah  thermal 
PuWtR  plants:  IftSSUCAK  TRACA INcSSPECIF SCAT ftuKSSSl IRL INC  CVCLcft 
ul.SllNLiNC  tNoft  NcSSSVSl  CMS  ANALYSIS* THERMAL  EFfcHGV  STORAGE 
EUUlPMENI 


N 


S-15  ACCESSION  NO. 
1  I  ILL  4  MU  Nil 


t  Ml  TOR  ON  CU»W* 
CORPORATE  AUTH 
PACE  NO 
AVA  lLAoILl  TV 
CONI M ACT  MU 
CUN  TITLE 


CU»F  PLACE 
LUMP  DATE 
DATE 

LAlEGUM ItS 
PRIMARY  LAI 
REPORT  NO 
AoSIHALT 


Mt  SCRIP  TOMS 


TVCOOSSJul 

ON  THE  Rule  iJF  EaTERNAL  COMBUST  ION  ENGINES  FOR  ON -Si  It  POWER 
OtNtRA I  I  UN 

NOLI/*  K.t.S  UNtHKA*  A*L • 

AMGONNE  NAlilAAL  cA8«  *  IL  lOSAl 
I  I 

DtP.  NT  IS.  PC  AOl/MF  AOft. 

CUNTKAC  (  a-JI-IOV-tNu-RI 

j.  NAIIUNAL  lU  NFc.Rk.NLt  AM)  EXH  KBIT  ION  ON  TECHNOLOGY  FOR  ENERGY 
CtHStMVA  |  ION 
I1A.SON  *  Ax  *  USA 
JAN  ft  V7 V 
IV7V 

tut^WbOM  •  IxttJiM  *  3  «0bO3 
E OB -/VO bo  0 
CUNF-/V*slv/ - « 

sTAIftONAKY  LAltRNAL  CUMttUSIluN  ENClNtS  ARE  PRIME  MOVERS  THAT 
NAVE  PUTLNTIAC  F OR  BECOMING  VIABLE  POWER  GENERATION  MACHINES  IN 
*OlH  1HL  NESiutM)  1AL/COMM.HC  IAL  AND  AftOUSTMlAL  SECTORS.  THESE 
LARUE  ENGINES  ARE  BEING  DEVELOPED  VftlH  1 HE  CAPABILITY  TO  EMPLOY 

alternative  and/or  nun-scarcl  fuels,  energy  sources  under 
CUNSIUEnaI Ion  INCLUDE  COAL *  CUAL  DERIVED  LluUIDS  and  gases* 
luw-cmadl  pe  Thule  dm  rEsIiaies*  biomass*  and  municipal  wastes. 

AuVANlAGtS  UF  EAlERNAL  CLNBUSl  ION  ENGINES  PL  CAT  IVE  TO 
ClNVEN  I  ftuNAL  PRIME  MlYtftS  ARE  •  GREATER  FUEL  EFFICIENCY*  REDUCED 
t.NV  I RuNMc.NI  AC  IMPACTS  4  NOI SE  AND  tMISSIONSI*  AND  A  H |GH  DEGREE 
OF  FULL  FCtA  IB  1C  Ilf*  EaIlRNAL  COMBUSTION  tNGlNcS  INCLUDE  STEAM 
ToRBlNcS*  STIRLING  CYCLE  ENGINES*  R«U  LXTEHNaLLY-F IRLu  BhAYTCM 
GAS  IuhuINES.  AMONG  H»E  VARIOUS  APPLICATIONS  FUR  lATEkNAL 
CUNbUSHdN  ENGINES  ARE  S  TOTAL  ENERGY  PLANTS*  ICES*  INDUSTRIAL 
CUGENLNAI ION*  SMALL  MUNICIPAL  GENERATING  PLANTS*  AND  PUMPING 
STATIONS.  IT  IS  NUT  MLCEasARY  FUR  ALL  THE  N-aT  SUPPLIED  AN 
EAlERNAL  cUMiftlbl  ION  tN(il«E  TO  COME  FROM  A  SINGLE  SOURCE. 

VARIOUS  NON -CUAL  SOURCES  THAT  CAN  BE  USED  EITHER  INDEPENDENTLY 
UR  INTEGRAlED  •!  IH  ulHERS  TO  SUPPLY  HEAT  TO  LaTEhNAL  COMBUSTION 
CNG1NES  INCLUDE  SOLAR  ENERGY*  MUNICIPAL  BASILS*  bIUMASS*  AND 
GEOTHERMAL*  STIRLING  ENGINE  BASED  SVS1EMS  ARE  DESCRIBED.  THE 
DEVELOPMENT  tP  THE  STIRLING  ENGINE  IS  BRIEFLY  DISCUSSED.  |MCW) 
o  IOMASS  ;  t>M  At  luN  CTCU  POWER  SYSTEMS)  I  JiCO-GLNERA  I  1UN*  CO  AL  GAS  i 
CgAL  LlUOlusiCwMPAKAf  IVE  £ VACUA T I ONS.CuS T | DE SI GN | eFF 1 C lENC V t 

environmental  impac i Sit vacua i ign:  ui*g/*uj;geo Thermal  energy; 
icesimunilipal  ■astis;po«er  genenationi  oi*oa*ga;sular  lncrgvs 

STEAM  I  iMb 1 N^S  1  Ift .STIRLING  CYCLE  1ST IRL1NG  ENGINES:  I/JTOTAL 
LftnoV  SYSlt*^  *  IURB  IRES 
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ABSTRACT  The  Hun  Hu  Sc  UP  INC  UESlON  MANUAL  PRESENTED  IS  TU  provide  an 

IN  I  Mliuot  I  I  ON  lu  Si  I  ML  l  NO  CYCLE  ML  A  V  ENGINES*  VU  URBANIZE  ANO 
IDENTIFY  Int  AVAILABLE  SllHLlNO  LNolNC  LITERATURE*  ANO  IU 
IDENTIFY*  okiANUL.  EVALUAIL  ANO*  IN  SO  FAR  AS  POSSIBLE* 

CtAAHANc.  SUN  kMO'NlclAMV  SllHLlNO  LNolNE  OESlON  ME  I H0O0COO  1 LS  • 

A*»  SUCH,  IHL  MANUAL  IMCN  REPRESENTS  A  F IMSV  bltH  IN  THE  LONO 
HkUCLSS  UP  MAA  ANO  AVAILABLE.  CUMPRtHEMSft ME*  SELL  VERIFIED* 
LWNUMICHUnAt*  SflKLlNt.  cNolNE  ANAL V  I AL  ENUbHAMS*  IME  BASIC 
PRINCIPLES  UE  EE.  A  I  LNUlNLS  Aht  CftPLAlNE  D*  A  SVlKLlNO  t  NO  INC  IS 
OLE  ANEU  AS  A  MEAf  L  NO  1  NL  1HAI  NOYES  A  BUOY  UE  OAS  ANUUNO  IN 
SUCH  A  ft*Y  AS  IU  cUMHHLSS  INE  uAS  PRINCIPALLY  IN  I ME  COLO  PART 
UE  IME  LnoINl  ANu  C  AH  ANU  I  I  PH  INC  I  HALLY  AN  I  ME  MUl  HART  OF  Tft 
t No INE •  MEA1  IS  SUHHLIEU  ANU  nENUVLO  THROUGH  THE  MALLS  UF  THE 
LNolNL.  AN  INfHUOOClNO  SllHLlNO  LNoINLS*  THE  VAMlclV  UE 
SllHLlNO  LNOINL  IYHlS  ANU  THEIR  Ul ILI IV  IN  LUNHANlSUN  TU  OTHER 
MACHINES  AHE  OISCUSSLO.  USEFUL  SllHLlNO  LNOINES  AmE  Oft  CAN  BE 
BUILI  FROM  AN  UUIHUT  UF  A  FEM  MAVIS  TO  A  MEOAMAl T •  HOMER 
ucNSITY  IS  USUALLY  AS  HlOH  AS  A  OIESEL  LNC INE  ANO  CAN  AHHNOACH 
A  uA SUL INE  AUlOMUOlLE  ENolNE*  EFFICIENCIES  AO  HEMCENT  HIOMER 
(MAN  AN  AUIUNJBILE  LNOINL  AnE  PmUJECIEO*  THE  VMEURV  UF  STIRLING 
<-No  INC  IS  HHlSLN  )EO  SIAM  UNO  E  MUM  SIMPLE  CYCLE  ANALYSIS* 
IMHUMIANI  CUNCCUS1UNS  kHlF  CYLcE  ANALYSIS  AMES  III  LUMPAMEO  TO 
AN  ENOlNc  Ml  IN  ZL  MO  UNSfttP  I  OAS  VOLUME  IOEAO  VOLUME  I  •  f  HE  HOMER 
AVAILABLE  PRtM  AN  c Mu INE  M I lM  OEAu  VOLUME  IS  REOULtO 
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UTILITY  SVSTtMS  lV  COMPARING  the  LLONUM1LS  UF  UTILIZING  IHESE 
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LtPIOOSlIi*  TkXblNc;  A  Z  “MM  CuAL-PlRED  STIRLING  ENGINE  I  A  Z-Mft 
LIL-PImLU  SllHLlNO  LNG I Ml  *  A  I “MM  UNO AN 1C  RANK INE  CYCLE 
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(uIl-FIHlU  S  IIiCIIG  LhbllE*  ORGANIC  RAftfUNE  CYlcE/u  lESCL*  ANO 
l«U“PHASt  ENulrM/UI  tSCLI  CUULO  HENE1RAIE  A  SIGNIFICANT  PUR  1 1  UN 
ur  The  fuIuRe  SMaLL  UTILITY  MARKET*  THEY  MILL  MUST  LlxELY  BE 
ttFLUItU  AS  INIEHMEuIATE  UUlY  GENeRATUNS  AM)  THEIR  ACTUAL 
AUILIIT  IU  PtNLTRAlc  1 HE  MAReEI  MILL  UEHENU  UN  THE  IN  ACTUAL 
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Enough  Information  was  gathered  to  allow  the  determination  of  the 
efficiency  of  this  system  as  a  function  of  turbine  inlet  temperature  and  as  a 
function  of  size  in  kW,  and  also  to  determine  the  functional  dependence  of  the 
acquisition  cost  as  a  function  of  size  in  kW.  The  data  sets  used  in  these 
analyses  are  reported  in  Tables  18  and  19. 

Applying  the  least  squares  analysis  technique  to  these  data  sets  resulted 
in  the  following  functions: 

ORC  System  Efficiency  (ORF) 

ORFt  *  5.369  X  10“2  +  3.361  X  10-4  (T)  (20) 

Standard  Deviation  **  3.500  X  10~2 

0RFs  -  8.284  X  10~2  (log  x)  (21) 

Standard  Deviation  ■  1.900  X  10-2 
ORC  System  Acquisition  Cost  (ORAC) 

ORAC  -  1.3990  X  103  —  7.3200  X  102  (log  x)  +  1.5700  X  102  (log  x)2  (22) 

Standard  Deviation  -  1.120  X  102 
where: 


T  *  turbine  inlet  temperature,  °F 
x  ■  size,  kW. 


Predicted  values  of  ORC  efficiency  as  a  function  of  turbine  inlet  temperature 
based  on  Equation  20  are  shown  in  Table  20.  Predicted  values  of  ORC 
efficiency  as  a  function  of  size  (kW)  based  on  Equation  21  are  shown  in 
Table  21.  Predicted  values  based  on  Equation  22  are  also  shown  in  Table  21. 
Equations  20,  21,  and  22  are  also  plotted  along  with  the  corresponding  data  in 
Figures  17,  18,  and  19,  respectively.  If  the  last  data  point  in  Table  19  is 
dropped  because  it  appears  in  disagreement  with  the  expected  trend,  Equation 
22  would  become: 

ORAC  -  1.2890  X  103  —  6.7600  X  102  (log  x)  + 

1.3200  X  102  (log  x)2  (23) 

Standard  deviation  ■  4.800  X  10^ 


Predicted  values  based  on  Equation  23  are  shown  in  Table  21,  and  Equation  23 
is  plotted  in  Figure  20. 
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Table  18.  DATA  USED  IN  THE  DETERMINATION  OP  THE  DEPENDENCE  OF  THE 
ORGANIC  RANKINE  CYCLE  ENERGY  CONVERSION  SYSTEM  EFFICIENCY 
ON  THE  TURBINE  INLET  TEMPERATURE 


T(°F) 


EFFICIENCY 


150 

200 

200 

250 

350 

400 

450 

550 

750 

800 

800 

800 


0.090 

0.115 

0.100 

0.150 

0.200 

0.200 

0.250 

0.180 

0.300 

0.310 

0.380 

0.285 


Table  19.  DATA  USED  IN  STATISTICAL  ANALYSIS  FOR  DIFFERENT  PARAMETERS 
OF  THE  ORGANIC  RANKINE  CYCLE  ENERGY  CONVERSION  SYSTEM 


:r  System 

System 

Acqulstlon 

Cost 

Lze.  kU 

Efficiency 

0.013 

($/kW) 

0.96 

1.00 

— 

1397 

1.90 

0.022 

3.20 

0.031 

— 

8 

0.060 

«... 

10 

— 

825 

16 

0.095 

—  — 

24 

0.120 

— 

32 

0.136 

19 

0.147 

100 

— 

572 

750 

0.220 

600 

1000 

— 

508  &  523 

1125 

— 

800 

Table  20.  EFFICIENCY  VALUES  FOR  THE  ORGANIC  RANKINE  CYCLE  ENERGY 
CONVERSION  SYSTEM  AS  PREDICTED  FROM  EQUATION  20 


Temp.  *F 


Efficiency 


100 

250 

500 

750 

1000 


0.087 

0.138 

0.222 

0.306 

0.390 
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Information  on  other  quantitative  parameters  for  this  sytem  Is  scarce  and 
does  not  allow  meaningful  statistical  analysis.  Consequently  a  best  judgment 
Is  made  based  on  the  available  Information. 

Weight 


Table  21.  VALUES  OF  THE  DIFFERENT  ORC  ENERGY  CONVERSION  SYSTEM 
PARAMETERS  AS  PREDICTED  FROM  EQUATIONS  21,  22,  AND  23 


em  Size,  kW 

(Equation  21) 
Efficiency 

(Equation  22) 
Acquisition  Cost  (§/kW) 

(Equation  23) 
Acquisition  Cost*  ($/kW) 

1.5 

0.015 

1275 

1274 

5.0 

0.058 

964 

981 

20.0 

0.108 

712 

732 

30.0 

0.122 

659 

678 

60.0 

0.147 

592 

604 

100.0 

0.166 

562 

564 

250.0 

0.199 

544 

525 

750.0 

0.238 

590 

534 

1000.0 

0.249 

613 

546 

5000.0 

0.306 

979 

691 

Without  apparently  spurious  data  point. 
Operation  and  Maintenance  Cost 

Sufficient  data  are  not  yet  available. 


Lifetime 


The  average  operational  lifetime  of  an  Organic  Rankine  System  is  expected 
to  be  about  20  years.  During  that  period,  it  requires  about  four  or  five 
major  overhauls.  Overheating  or  contamination  of  the  organic  material  may 
cause  its  decomposition  and  therefore  more  frequent  replacement  will  be 
required. 

Mobility 

Organic  Rankine  Systems  are  generally  available  in  small  sizes  of  under 
1  MW  and  are  mobile. 

Other  Energy  Production 

Since  Organic  Rankine  Cycles  are  required  to  utilize  lower  temperature 
heat  sources  the  rejected  heat  after  the  power  generation  process  is  generally 
very  low  grade  heat  and  of  very  little  use. 
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ORGANIC  RANKINE  CYCLE  ENERGY  CONVERSION  SYSTEM 
EFFICIENCY  VERSUS  INLET  TEMPERATURE 


ORGANIC  RANKINE  CYCLE  ENERGY  CONVERSION  SYSTEM 
EFFICIENCY  VERSUS  SIZE 


ORGANIC  RANKINE  CYCLE  ENERGY  CONVERSION  SYSTEM 
ACQUISITION  COST  VERSUS  SIZE 


Figure  20.  ORGANIC  RANKINS  CYCLE  ENERGY  CONVERSION  SYSTEM 
ACQUISITION  COST  VERSUS  SIZE 


These  systems  are  constructed  primarily  of  iron  and  nickel-based  metal 
alloys.  Adequate  supply  of  these  metals  is  expected  to  continue  at  least  in 
the  near  future.  Further,  because  these  systems  operate  at  lower  tempertures 
less  material  problems  are  encountered.  The  corrosion  problem  can  be  control¬ 
led  through  the  use  of  non-reactlve  organic  compounds  as  working  fluids. 


Other  Parameters 

Locational  and  operational  constraints,  reliability,  and  environmental 
factors  are  presented  in  Tables  22,  23,  24,  and  25,  respectively. 


Table  22.  ORGANIC  RANKINE  CYCLE  ENERGY  CONVERSION  SYSTEM  LOCATION  CONSTRAINTS 
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Ortnll  AiMMMot:  The  ordinal  score  is  2  Indicating  turn-down  capability  with  high  efficiency  penalty 


Table  24.  ORGANIC  RANKINE  CYCLE  ENERGY  CONVERSION  SYSTEM  RELIABILITY 


Table  25.  ORGANIC  RANKINE  CYCLE  ENERGY  CONVERSION  SYSTEM 
ENVIRONMENTAL  CONSTRAINTS 

Degree  of 

Amount  of  Amount  of  Dlfflcultlea  in 

Uncontrolled  Emissions  Meeting  More 

Constraint  Emissions  With  Control  Strict  Regulations  Remarks 

e  Thermal 


Discharge 

e  Air  Pollu¬ 
tion 

CO 

0 

0 

0 

NOx 

0 

0 

e 

low  temperature 

SOx 

e 

0 

0 

depends  on  S 
content  of 
the  fuel 

HC 

0 

0 

0 

Par tic- 

ulates 

0 

0 

9 

Other 

- — 

— 

— 

e  Noise 

0 

0 

0 

e  Odor 

— 

— 

— 

Only  if  coal 
is  used 

e  Solid 

waste 

— 

e  Chemical 

Waste 

Overall  Assess 

environmental 

meat:  The  ordinal 

constraint. 

score 

is  4  indicating  moderate  potential 

75(3)/RPE/61045Q 
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DATA  SHEET 


Energy  Conversion  System:  Organic  Rankine  Cycle 


Parameter: 

Energy 
Conversion 
System  Ref. 

Efficiency 

Parameter  Value 
Study  Operating  Plant 

Plant 
Size.  kU 

Assumptions  of 

Advanced  State  of  the  Art 

Working  Working 

Terni 

>.  F  Fluid 

R.  25* 

0.090 

150 

R114 

0.115 

200 

R114 

0.150 

250 

R114 

0.20 

350 

Benzene 

0.25 

450 

Benzene 

0.31 

800 

Benzene 

0.30 

750 

Toluene 

R.  7 

0.285 

22 

800 

R.  5 

0.11 

100 

0.15 

200 

0.18 

300 

0.20 

400 

0.21 

500 

0.22 

600 

R.  37 

0.422 

1000 

#2  fuel  oil 

R.  38* 

0.10 

200 

0.20 

400 

0.38 

800 

R.  3A 

0.21 

Projected  in  1972 

R.  41 

0.18  (Gross) 

200 

550 

Toluene 

(test  facility) 

R.  41 

0.159(Net) 

R.  42 

0.060 

8 

Maximum  value  for 

0.095 

16 

different  condensor 

inlet  pressures  read 

0.12 

24 

from  a  curve 

0.136 

32 

0.147 

19 

Shallow  well  Irrigation 

experiment  (shaft 
power/heat  input) 


43  0.031  3.20  Gross  efficiencies 

9*022  1.90  (3  kWe  Rankine  Cycle 

0*013  0.96  system  using  R.  12 

R*  44  0.22  750 

♦recorded  data  read  from  a  graph  presented  in  this  reference. 


DATA  SHEET 


Energy  Conversion  System:  Organic  Rankine  Cycle 
Parameter:  Volume/Size  (Ft3/Kw) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Ope ratine  Plant  Size,  kW  Advanced  State  of  the  Art 


R.  29 

6.76 

R.  35 

0.16-0.2 

For  transportation 

application 

R.  44 

6.5 

750 
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DATA  SHEET 


Energy  Conversion  System:  Organic  Ranklne  Cycle 
Parameter:  Weight  (Lbs/Kw) 


Energy 
Conversion 
System  Ref. 


Parameter  Value  Plant  Assunptions  of 

y  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


Stud 


PAT A  SHEET 

Energy  Conversion  System:  Organic  Rankine  Cycle 
Parameter:  Start-up/Shutdown  Tine  (Min.) 


Energy 

System 

Conversion  Parameter  Value 

Reference  Studv  Operating  Plant 

Plant 
Si2e,  kW 

Assumptions  of 

Advanced  State  of  the  Art 

R.  34 

2. 

Bus  move  from  cold  start 

5. 

develop  full  power 

R.  35 

0.50 

To  develop  full  power 

from  cold  start  in  1972 

<  0.16 

Projected  for  future 

transportation  applications 

30 

0 


Start-up 

Shutdown 


DATA  SHEET 


DATA  SHEET 


Energy  Conversion  System:  Organic  Rankine  Cycle 
Parameter:  Aquisition  Cost  ($/Kw)  (In  1980  dollars) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


R.  25 


R.  37 


R.  38 


R.  29 


R.  44 


508165 

572165 

825165 

13971260 


Projected 

Projected 

Projected 

Projected 

Estimate 

Year  to  which  cost  refer, 
is  unknown.  Number 
reflects  installed  cost. 

Production  rate 
First  unit 

Using  by-phase  turbine 


750* ** 


R.  39 


R.  4  3,540-11,800 

R.  40  415 


45  HP  unit  to  recover 
heat  from  diesel  trucks. 

Installation  cost  (per  kW) 
for  45  HP  unit  described 
above.  These  values  are 
for  the  test  unit  only 

Irrigation  Appl.  Estimate 

Bottoming  cycle  on  a  diesel 
generator. 


*  capital  cost 

**installed  cost 
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DATA  SHEET 

Energy  Conversion  System:  Organic  Rankine  Cycle 

Parameter:  Lifetime, Hrs 

Energy 

Conversion  Parameter  Value  Plant  Assunptions  of 

System  Re f_.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


DATA  SHEET 


Energy  Conversion  System:  Organic  Rankine  Cycle 
Parameter:  Operational  Constraints 


Constraint 


Energy  Conversion  Systems  Reference 

Studies  Operating  Plants 


Environmental 

Thermal  Discharge 

Air  Pollution 

Noise 

Solid  Waste 

Chemical  Waste 

R.  34,  R.  35 

Location 

Water  Requirements 

Manning  Requirements 

Fuel  Delivery 

Solar  Insolation 

Wind  Requirement 

Metropolitan  Siting 

Electrical  Power  Requirement 

Operational 

Part  Load  Efficiency 

Part  Load  Capability 

Solar,  Wind  Dependence 

Overload  Capacity 

Load  Following 

Life  Dependence  on  Cycling 

ORGANIC  RANKINE  CYCLE  (ORC)  ENERGY  CONVERSION  SYSTEMS 

Bibliography 
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RANH INE  ENG I NI  IS  TO  USE  THE  COLLECTORS  AS  THE  ENGINE  BOILER. 
THIS  REPORT  DETAILS  THE  RESULTS  OF  A  TEST  PROGRAM  BHERE  A  SMALL 
1 288  SUUARE  FEET  I  COLLECTOR  FIELD  RAS  INSTALLED  AND  USED  FOR 
BOILING-IN-THE -COLLECTOR  TESTS  8ITH  R-II3  AS  A  B0RK1N6  FLUID. 
TMO  DIFFERENT  TYPES  OF  PARABOLIC  TROUGH  TRACKING  COLLECTORS 
•ERE  PURCHASED  ANO  TESTED.  T1CRE  BERL  TVO  ROBS  (128  Su.  FT.)  OF 
OEL  MANUFACTLR ING  COLLECTORS  ANO  ONE  ROB  I  ISO  SO.  FT.)  OF  SOLAR 
KINETICS  COLLECTORS.  ALL  THREE  ROBS  BERE  INSTALLED  AT  A  S 
DEGREE  ANGLE  ( INCLINED  TU  THE  SOUTH)  ORIENTED  NORTH-SOUTH  AND 
TRACKING  EAST-BEST  ON  THE  ROOF  AT  BARBER-*  1C HOLS  IN  ARVADA. 
COLORADO,  A  MJRTHBCST  SUBURB  OF  DENVER.  THESE  TbO  TYPES  OF 
COLLECTORS  HAVE  DISTINCT  DIFFERENCES  THAT  MADE  IT  BORTHBHIlE  TO 
TEST  EACH  TYPE.  A  RANK INE  ENGINE,  LESS  TURBINE  EXPANDER.  BAS 
INSTALLED  AND  USED  TO  COWLETE  A  SOLAR  POBER  SYSTEM.  THE  MAJOR 
EM»ER|MENTAL  results  are  that  the  collectors  DID  HEAT  the 
R-II3.  DID  PROVIDE  A  VAPOR  SUITABLE  FOR  TURBINE  FEED,  ANO 
STABLE  FLOB  DID  OCCUR  UNDER  ALL  COKHT  IONS.  THUS  PROVING  THE 
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SOLAR  POBCRtD  DEEP  BELL  PUMPING  EXPERIMENT 

LARSON.  D.L.t  SANOS.  C.D.  II 

UNI  V  OF  AR1Z.  TUCSON 

ASAE  TECH.  P«P..  P.  7 
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ASAL  AND  CSAE  CANADIAN  SOCIETY  OF  AGRICULTURAL  ENGINEERING 
SIMMER  MEETING 
•  INNIPEG.  CANADA 
24  JUN  I V7V 
1979 

E0B-I40703; I 40 VO 9 
E 06— 140703 

TIC  PAPER  DISCUSSES  THE  DESIGN.  CONSTRUCTION.  OPERATION  AND 
EVALUATION  OF  A  ISO  KB  SULAR  POBER  PLANT.  PLANT  SIZE  BAS 
SELECTED  TO  «ET  THE  ENERGY  REUUlREMENTS  OF  DEEP  BELL  PUMPING 
TO  PROVIDE  I M 16  AT I  ON  BATER  FOR  A  QUARTER  SECTION  OR  140  ACRES 
OF  ARIZONA  CROPLAND.  AN  IMPORTANT  FACTOR  IN  SITE  SELECTION  BAS 
COOPERATION  I*  THE  LOCAL  UTILITY  COMPANY.  BACKUP  ENERGY  IS 
REQUIRED  TO  ASSURE  PUMP  OPERATION.  THE  PLANT  INCLUOES  PARABOLIC 
TROUGH  type  collectors  aid  RANKING  CYCLE  TURBINE  ENGINE,  the 
PLANT  BILL  GENERATE  ELECTRICITY  FOR  PUMPING  AND  BE 
INTERCOFPiECTED  BlTH  THE  UTILITY  SYSTEM.  REFS. 

ARIZONA (DESICN:  O I . 02 ID! STR IbUTED  COLLECTOR  POBER  PLANTS:  Tit 

farms; irrigation:  tssopcration (parabolic  trough  collectors; 

POBER  RANGE  100-1000  kb; RANK INE  CYCLE  ENGINES! SOLAR  HEAT 
engines ;solar  bater  pups:  T2. o3t bater  pumps; bells 
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FEASIBILITY  IF  ThC  BO  IL 1 N6— IN-COLLECTOR  CONCEPT.  ALSO.  THE  S 
DECREE  ANGLE  PERFORMED  SATISFACTORILY  AND  IS  CONSIDERED  A 
REASONABLE  ANGLE  FOR  FIELD  USE.  SONE  UNEXPECTED  PROBLEMS  WERE 
EXPERIENCED  IN  TESTING  THE  COLLECTORS.  THE  FEASIBILITY  OF  The 
SYSTEN  CONCEPT  HAS  BEEN  0CN0N6TNATE0  A NO  AREAS  FOR  IMPROVEMENT 
HAVE  BEEN  DE1ERM INED.  METHOOS  TO  RESOLVE  THESE  AREAS  ARE 
PROPOSED  ALONG  WITH  A  PLAN  TO  EXPAtO  THE  SYSTEM.  COMPLETE  THE 
ENGINE.  AND  TO  GATHER  OPERATING  EXPERIENCE  AND  PERFORMANCE  DATA 
FOR  A  YEAR'S  OPERATION.  BUDGET  AND  SCHEDULE  ARE  PROVIDED  FOR 
THIS  PROPOSED  FOLLOV  ON  BORK .  (  WHK  I 

DESCRIPTORS  COLORADO! COST! DESIGN JEFF  1C IENCYSERROR SSF ARMS S IRR IGAT ION; MANX ET i 

PARABOLIC  TROUGH  COLLECTORS iPERFOHMANCEIPERFORMANCE  TESTING: 

01 .02  JR  ANK INE  CYCLE  ENG  I  *C  S  •  OI.Q2JSOLAR  HEAT  ENGINES:  T2JSOLAR 
WATER  pumps:  TIISVSTEMS  ANALYSIS 
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TH  TECHNICAL  FEASIBILITY  DF  SOLAR-POWERED  PUMPING.  THE  RANK  INE 
CYCLE  FACILITY  WAS  BUILT  USING  1976  TECHNOLOGY.  THE  REOUIREMENl 
NOW  IS  TU  USE  THE  TECHNOLOGY  THAT  HAS  BEEN  DEVELOPED  OVER  THE 
LAST  FOUR  YEARS  TO  DESIGN  A  FACILITY  SPECIFICALLY  FOR  THE 
IRRIGATION  FARMER.  CONSIDERATIONS  TO  MEET  HIS  NEEDS  AND  TO 
DEMONSTRATE  WETHER  SOLAR  THERMAL  CONVERSION  IS  A  POTENTIALLY 
VIABLE  APPLICATION  FOR  PIMPING  IRRIGATION  WATER  IN  THE  UNITED 
STATE*  ARE  SUGCESlED. 

AN I ZONA (CONCENTRATING  COLLECTORS IOESI GN:  021 FARMS (FLASHING ( 
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RESULTS  OF  SYSTEMS  SIMULATION  AND  ECONOMIC  ANALYSIS  OF  A 
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MELIKIAN.  G«i  RHODES.  B.R. t  OBEE.  T.N. 

UNITED  TECH.  RESEARCH  CENTER.  EAST  HARTFORD.  CT 
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SYSTEMS  SIMULATION  AND  ECONOMICS  ANALYSIS  CONFERENCE 
SAN  DIEGO.  CA.  USA 
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SINCE  1974.  UNITED  TECHNOLOGIES  HAS  BEEN  ACTIVELY  ENGAGED  IN 
THE  DESIGN.  DEVELOPMENT  AND  DEMONSTRATION  OF  SOLAR -POKE  RED 
RANK INE  CYCLE  HEATING  AND  COOLIG  SYSTEMS  FOR  BUILDING 
APPLICATIONS.  UNDER  A  RECENT  DOE  CONTRACT.  UTC  HAS  BUILT  AND 
TESTED  AN  1 B— TON  COOLING  CAPACITY.  S00.000  BTU/HR  HEAT  PUMP 
OVER  A  RIDE  MANGE  OF  OPERATING  CONDITIONS  SIMULATING  AN  ACTUAL 
BUILDING  INSTALLATION.  TO  ASSIST  IN  THE  HEAT  PUMP  DESIGN  AND 
ANALYSIS.  UTNC  HAS  DEVELOPED  AND  USED  SEVERAL  COMPREHENSIVE 
SYSTEM  SIMULATION  AND  ECONOMIC  ANALYSIS  PROGRAMS.  COLLECTOR 
ARRAY  S  1/E .  STORAGE  TANK  VOLUME  AND  CONTROL  STRATEGIES  MERE 
EVALUATED  R I TM  THESE  PROCEDURES.  TYPICAL  RESULTS  OF  THE  SYSTEM 
SIMULATIONS  FOR  BUILDINGS  IN  SIX  SELECTED  GEOGRAPHICAL  REGIONS 
ARE  DtSCMl dED  AND  THE  ECONOMIC  POTENTIAL  FOR  SUCH  A  SYSTEM  IS 
ILLUSTRATED.  TIC  IMPACT  OF  VARIATIONS  IN  PROJECTED  FUEL  PRICE 
AW)  COMPONENT  COST  LEVEL  ON  THE  UTC  SYSTEM  ECONOMIC  POTENTIAL 
(I.E..  RE TURN— (M  — IN VE ST MENT .  PAYBACK  PERIOD.  ETC)  IS  SHORN  IN 
DETAIL. 

CCMPUTER1ZEO  S IMUCA  T I ON t  COST {DES1GN.ECONOM1C  ANALYSIS!  01.02! 
HEAT  PUMPS!  T3 {PERFORMANCE {RANKlNE  CYCLE  ENG INCS! SI Zt ! SOLAR 
COLLECT ORS ! SOLAR  COOLING  SYSTEMS!  T2 ! SOLAR  HEAT  ENGINES!  T.C3! 
SOLAR  HEATING  SYSTEMS!  TIISVSTEMS  ANALYSIS!  01.02! 
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60C0033SI0 

CONF -79 I 229  PP.  209-214 

DEVELOPMENT  OF  2  kb  SOLAR  POBERED  STEAM  ENGINE  SYSTEM 
OESHPANDE.  AJt.i  GUPTA.  R.K.i  BARVE.  K.M.  .  JAIN.  B.C. 

JYOT1  LTD..  UAROOA.  INDIA 

NATIONAL  SOLAR  ENEROV  CONVENTION  |V7«  OF  SOLAR  ENCRGV  SOCIETY 

OF  INDIA 

209-214 

OEP .  NT  IS  (US  SALES  ONLY).  PL  A24/MF  AOI. 

NATIONAL  SOLAR  ENERGY  CONVENTION 
BOMBAY.  I NO 1 A 
13  DEC  1979 
1979 

EOB— 140703 
EOB— 140703 
CONF  -79 1229— 

A  POTENTIALLY  ATTRACTIVE  USE  OF  SOLAR  ENERGY  IS  IN  THE  FORM  OF 
POBER  GENERATION  FOR  DECENTRALIZED  APPLICATIONS.  A  PROJECT  ON 
DEVELOPMENT  17  2  II  STEAM  ENGINE  SYSTEM  USING  CYLINDRICAL 
PARABOLIC  COICENTRATORS  HAS  UNDERTAKEN  TO  EVALUATE  THE  SYSTEM 
BOTH  FROM  TECHNOLOGICAL  AS  HELL  AS  ECONOMIC  POINTS  OF  VlER.  A 
DIESEL  ENGINE  IS  CONVERTED  INTO  A  UN IF LOR  TYPE.  SINGLE  ACTING 
SRAM  ENGINE.  A  MINIMI*  SPECIFIC  STEAM  CONSUMPTION  OF  IB 
KG/ KB -Ft  HAS  RECORDED  DURING  THE  TESTS  ON  THE  STEAM  ENGINE.  NEXT 
GENERATION  OF  THE  STEAM  ENGINE.  INCORPORATING  FURTtCR 
MODIFICATIONS.  IS  EXPECTED  TO  OPERATE  AT  12  KG/KH-H  SPECIFIC 
STEAM  CONSUMPTION  JUST  ABOUT  THE  LOHEST  SPECIFIC  STEAM 
CONSUMPTION  FOR  THIS  SIZE  OF  ENGINE.  AN  ESTIMATION  OF  YEARLY 
DISTRIBUTION  OF  KILOHATT -HOURS  HHICH  CAN  BE  PRODUCED  BY  THE 
SYSTEM  HAS  BEEN  MADE  BASED  ON  SOLAR  INSOLATION  DATA  OF  BARODA 
STATION.  THE  DETAILED  DESIGNS  FOR  7.S  KH  AND  10  KR  OPTIMIZED 
SYSTEMS  ARE  W)R  READY  HHEREIN  THE  AUXILIARIES  ARE  POBERED  BY 
TFC  STEAM  ENG1W  ITSELF.  THEREBY  MAKING  THE  UNIT  INDEPENDENT 
AW)  SELF -CONTAINED. 

OESIGN!  HI IDISTR IBUTED  COLLECTOR  POBER  PLANTS!  T I ! EFF I C IENCV ! 
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ORGANIC  RANKINE  CYCLE  ENGINE  TECHNOLOGY  IN  JAPAN.  A 
PRELIMINARY  SURVEY 

GALAXY.  INC..  WASHINGTON.  DC  ( USA  I 
132 
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EOB-42S002 

EDB-4  2S002 
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T*E  STATE-OF-THE-ART  OF  THE  DEVELOPMENT  OF  ORGANIC  RANKINE 
CYCLE  ENGINES  IN  JAPAN  IS  REVIEWtO.  ( TFO 1 

JAPAN 10RGAN1 C  COMPOUNDS t RANK  I NE  CYCLE  ENGINES!  TIIHEVICBS; 
TECHNOLOGY  ASSESSMENT:  QIIWORKING  FLUIDS 
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7 SCO  I  29  bWS 

CONF -79032b— P  I  PP.  97-106 

THERMAL  STORAGE  for  solar  RANKINC  and  absorption  cooling  SYSTEMS 

ClNRAN.  H.M.;  HE1BE1N.  S. 

HIT  TRAN  ASSOCIATES.  INC..  COLUMBIA.  MO 

PROCEEDINGS  OF  SOLAR  ENERGY  STORAGE  OPTIONS.  VOLUME  1.  AN 
INTENSIVE  WORKSHOP  ON  THERMAL  ENERGY  STORAGE  FOR  SOLAR  HEATING 
AMT  COOLING 
97-106 

OEP.  NT  Is.  PC  Alb/MP  AO  I . 

SOLAR  ENERGY  STORAGE  OPTIONS  WORKSHOP 
SAN  ANTONIO.  TX.  USA 
18  MAR  1979 
197  V 

COB-142000; I  4090  I  12 60600 1250900 
E 06-142000 
CONF -790 J2B — PI 

A  REVIEW  OF  THE  THERMAL  STORAGE  ASPECTS  OF  SOLAR  AIR 
CONDITIONERS  INCLUDING  R ANK INE /VAPOR  COMPRESSION  CYCLE  AND 
ABSORPTION  CYCLE  IS  GIVEN.  SENSIBLE  HEAT  STORAGE.  LATENT  HEAT 
STORAGE.  AND  T HERM0C1C  Ml  CAL  HEAT  STORAGE  ARE  CONSIDERED. 
INFORMATION  LN  THERMAL  STORAGE  FUR  17  EXISTING  SOLAR  COOLING 
INSTALLATIONS  IS  TABULATED.  IWHKI 

ABSORPTION  REFRIGERATION  CYCLE {HEAT  STORAGESLATENT  HEAT  STORAGES 
RANK  1 NE  CYCLE  ENG1NESSRE VIEWS:  02  S SENSIBLE  HEAT  ST ORAGE l SOLAR 
AIR  CONDITIONERS:  TISSOLAR  HEAT  ENGlNESiTMERMAL  ENERGY  STORAGE 
equipment:  T2.0I  sthermoc^mical  heat  storage 


R-12 


ACCESSION  NO.  79R0I29444 

T I  TLE  ( MOM)  I  HANDBOOK  OF  DATA  ON  SELECTED  ENGINE  COMPONENTS  FOR  SOLAR 

TrCMMAL  APPLICATIONS 

CORPORATE  AUTH  NATIONAL  AERONAUTICS  ANO  SPACE  ADMINISTRATION.  CLEVELAND.  OH 
I USA) •  LEWIS  RESEARCH  CENTER 
SEC  REPT  NO  NASA  — T M — 79027 

PAGE  NO  246 

AVAILABILITY-  OEP.  NT  IS.  PC  At l/MF  AO  I . 

CONTRACT  NO  CONTRACT  EX— 76 -A  —29  —I  060 

DATE  JUN  1979 

CATEGORIES  EDO-1 *0700 S200 102 

PRIMARY  CAT  EOB  — 1 4  0700 

REPORT  NO  DOE/NASA/1 060--7B/I 

abstract  a  survey  of  developed  ano  commercially  available  heat-engine 

COMPONENTS  APPLICABLE  FOR  SOLAR  THERMAL  POWER  SYSTEMS  WAS 
CONDUCTED.  TIC  DATA  WERE  COMPILED.  AND  A  HANDBOOK  WAS  PREPARtO 
FOR  THE  DEPARTMENT  OF  ENERGY*  DIVISION  OF  CENTRAL  SOLAR 
TECHNOLOGY,  BY  THE  NASA  LEWIS  RESEARCH  CENTER.  DESIGN. 
PERFORMANCE.  AM>  COST  DATA  WERE  PROVIDEO  BY  THE  RESPECTIVE 
MANUFACTURERS  ON  STEAM  TURBINES.  RECIPROCATING  EXPANSION 
ENGINES.  CONDENSERS.  POMPS.  GAS  TURBINES,  SPEEO  REDUCERS.  AND 
AC  GENERATORS  FOR  USE  IN  H ANK I NE  —  ANO  BRA VTON-CVCLE 
POWER-GENERATING  SYSTEMS.  COMPONENTS  WERE  SELECTtO  FOL  SPECIFIC 
POWER  LEVELS  FROM  b-  TO  bO.OOO-KWE  SYSTEM  OUTPUT.  OEVlLOPmeNT 
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STATUS  OF  TMt  STIRLING  ENGINE  IS  INCLUOEO.  THE  DATA  PRESENTED 
IN  THIS  HANDBOOK  IDtNTIFY  COMPONENT  OESIGN  RANGES  AND 
PERFORMANCE  CHARACTERISTICS  AT  SPECIFIC  PO«ER  LEVELS  OF 
OEVtLOPEO  AND  COMMERCIALLY  AVAlLAbLE  COMPONENTS. 

DESCH IP TOR S  ALTERNATING  CURRENT SMRAV TON  CYCLE ibRAVTON  CYCLE  POWER  SYSTEMS: 

T3i CLOSED-CYCLE  SYSTEMS! CONTROL  SYSTEMS! COST (DATAiOESIGN! 
DIAGRAMSiEFF  1C IENCV iELEC TR 1C  GENERATORS! GAS  COMPRESSORS ! GAS 
TUl6 INES ! MANUALS !  O I .02 • 03 .0«! MANUF AC TURER Si OPEN-CYCLE  SYSTEMS! 
PERFORMANCEiPOWER  SVSTfeMS!  OSiPUMPS (RAMI  INE  CYCLE i RANK INE  CYCLE 
ENGINES!  T2!  RAMI  INC  CYCLE  POWER  SYSTEMS! SOLAR  HEAT  ENGINES!  T1 ! 
SOLAR  THERMAL  POWER  PLANTS!  TSiSPEED  REGULATORS iSTEAM  TURBINES! 
STIRLING  CYCLE  1ST IRLING  ENGINES!  T AiTHERMODVNAM ICS! VAPOM 
CONDENSERS 
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79C01 22667 

REVIEW  REPORT  OF  THE  SOLAR  HEATING/COOLING  OPERATIONAL  TEST 
SITE  AT  STOUFFER  PLACE  BUILDING  NUMBER  1.  KANSAS  UNIVERSITY. 
LAWRENCE.  KANSAS 

SCARBOROUGH,  S .E .  I!  BATTON,  W.D. i  DOLLARS,  b. 

HONEYWELL.  INC..  MINNEAPOLIS.  M 

APPLICATION  OF  SOLAR  ENERGY!  1978 

WU.  S.T.i  CHRISTENSEN,  D.L.i  HEAD.  R.R.  IEDS.I 

CONF -7804 7b - 

209-288 

3.  CONFERENCE  ON  APPLICATION  OF  SOLAR  ENERGY 
HlMTSVlLLE.  AL  .  USA 
17  APR  1976 

UNI V •  OF  ALABAMA.  HUNTSVILLE.  AL 
197b 

EDb—1 40901 i 140907 
E08-140VG1 

The  MULTIPLE -FAMILY  RESIDENTIAL  HEATING  AND  COOLING  SYSTEM  IS  A 
SINGLE-LOOP.  SOLAR-POWERED.  TWO-PIPE  HVDR0N1C  HEATING  AND 
COOLING  SYSTEM  WITH  A  SEPARATE  WATER  STORAGE  AND  DOMESTIC 
HOT -WATER  HEATING  LOOP  AM)  LAUNDRY  PURGE.  TnE  CENTRAL  SYSTEM  IS 
EITHER  IN  THE  HEATING  MODE  OR  THE  COOLING  MODE  AS  DETERMINED  BY 
MANUAL  SWITCHOVER.  THE  CENTRAL  HEATING  IS  PROVIDED  BY  EITHER 
DIRECT  OR  STIRS)  SOLAR  E*CRGY  A  NO  THE  CENTRAL  COOLING  IS 
PROVIDED  BY  A  SOLAR-POWERED  NANKlNE  ENGINE/ AUXILIARY  ELECTRIC 
MUTOH-ORIVEN  WATER  CHILLER.  THE  SYSTEM  PMOVIDES  THESE  10  MODES 
OF  OPERATION!  DIRECT  HEATING  FROM  COLLECTORS!  DIRECT  HEATING 
FROM  STORAGE!  DIRECT  HEATING  A NO  STORAGE  SIMULTANEOUSLY! 
AUXILIARY  HEATING  (INSUFFICIENT  SOLAR)!  RANKINE  COOLING  FROM 
COLLECTORS!  MAMUNE  COOLING  FROM  STORAGE!  RAMilNE  COOLING  AND 
STORAGE  SIMULTANEOUSLY!  ELECTRIC  MOTOR  AUXILIARY  COOLING! 
DOMESTIC  HOT-WATER  PREHEATER!  AND  PURGE  EXCESS  ENERGY  (FIRST 
STAGE  LAUNDRY,  SECOND  STAGE  FAN  COIL).  OPERATION  AND 
PERFORMANCE  ff  THE  SYSTEM  ARE  DISCUSSED. 

APARTMENT  BUILDINGS!  TliDATA  ACOUISIT ION! FLAT  PLATE  COLLECTORS! 

heat  pumpsiheat  storage: kansas (operation! performance:  02.03.04: 

RANKINE  CYCLE  ENGINES!  02! SIZE ( SOLAR  AIR  CONDITIONERS!  T2 ! SOLAR 
AIR  CONDITIONING!  QIISOLAR  HEAT  ENGINESiSOLAR  HEATING  SVSTtMS! 

T  3! SOLAR  SPACE  HEATING!  Ol  (SOLAR  WATER  HEATERS!  T4!SOLAR  WATER 
HEATING!  Ol  (SOLAH-ASSISTEC  HEAT  PUMPSiTANKS 
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79C0I22SBS 

SULAR-PUWtRED  RANK  I NE  «A1  PUMP  F  OR  HEATING  AND  COOLING 
ROUSSEAU.  J. 

A INE  SEARCH  MANUFACTURING  CO.  OF  CALIFORNIA.  TORRANCE 

APPLICATION  IF  SOLAN  ENERGY:  IWv 

WU.  S.T.S  CHRISTENSEN.  D.L.I  HEAD.  R.R.  (EDS. I 

CONF -780*76 - 

2S3-26T 

3.  CONFERENCE  ON  APPLICATION  OF  SOLAR  ENERGY 
HUNTSVILLb.  AC  •  USA 
17  APR  1G78 

UNI V •  OF  ALABAMA.  HUNTSVILLE.  AL 
I  97 1 

EUfa-l«0G01 
EDS— 1*0901 

IN  THE  HEAT  1M.  NODE  OF  OPERATION.  A  VAPOR-CYCLE  HEAT  PUMP  USING 
R-ll  AS  THE  CRK 1NU  FLUID  PROCESSES  SOLAR  THERMAL  ENERGY 
COLLECTED  AT  COM  TEMPERATURE  (AOSSUP  OS  TO  BOASUP  OSF I  TO  A 
TEMPERATURE  LEVEL  SUlTASLE  FUR  SPACE  HEATING.  THE.  HEAT  PUMP 
FEATURES  A  MOT  OR -OR  I  YEN  CENTRIFUGAL  COMPRESSOR.  BY  CONTROLLING 
THE  SPEED  OF  T  Ft  COMPRESSOR  SO  THAT  THE  HEA1  PUMP  CAPACITY 
MATCHES  THE  HEAT  LOAD.  SEASONAL  COP*S  ON  THE  ORDER  OF  b  CAN  BE 
ACHIEVED.  IN  T»C  COCLING  NUDE  OF  OPERATION.  THE  SOLAR  THERMAL 
ENERGY  IS  USED  IN  A  KAMI  INC  POWER  LOOP  TO  DRIVE  THE  HEAT  PUMP 
COMPRESSOR.  VALVES  ARE  INCORPORATED  IN  THE  SYSTEM  FOR  REVERSING 
¥(*  VAPOR  C0M>R£SS1UN  LOUP  FROM  THE  HEATING  TO  THE  COOLING  MODE 
OF  OPERATION.  THE  THERMAL  COP  ICOOLlNG  LOAD/SOLAR  HEAT  INPUT) 

IS  E  S 1  I MAT  ED  AT  ABOUT  0.7.  THE  OPERATING  RANGE  OF  ThE  MACHINE 
IN  TERMS  OF  INE  SOLAR  NEAT  SOURCE  TEMPERATURE  IS  FkUM  l&SASUP 
0»  TO  22UASUP  0*F.  THE  SYSTEM  FEATURES  A  TURBINE.  A  COMPRESSOR. 
AND  A  PERMANENT  MAGNET  MOTOR  MOUNTED  ON  THE  SAME  SHAFT.  THUS 
ELIMINATING  THE  REGU1RENENTS  FOR  GEARS.  FURTHER.  THE  ROTOR  IS 
SU>PORTEO  ON  PROCESS  FLUID  BEARINGS.  THE  MACHINE  IS  COMPLETELY 
HERMETIC.  AND  LUBRICANTS  DIMER  THAN  THE  PROCLSS  FLUID  ARE 
REQUIRED,  this  HERMETIC  TuRBUCUMPRESSOR/MOTOR  is  POWERED  in  the 
ELECTRICAL  MlG L  bV  nlGH- FREUUtNCY  POWER  GENERATED  IN  A 
SOLID-STATE  CONVERTER  FRUN  UTILITY  POWER.  bV  CONTROLLING  THE 
FREQUENCY  OF  Tib  CURRENT  F ROM  1*  CONVERTER  TO  THE  MOTOR. 
VARIABLE  SPEED  OPERATION  IS  ACHIEVED.  OPERATION  AND  PERFORMANCE 
OF  The  SYSTEM  IS  DESCRIBED* 

HEAT  PDMPS:  T3 {OPERATION IPERFUN NANCE i  QDRANkINE  CYCLE  ENGINLS: 
021 SOLAR  AIR  CONOIT IDNERS:  Til  SOLAR  AIR  CONO I T 1 UN I NC I SOLAR  HEAT 

engines:  Q3i tolar  SPACE  Ht at ingisolar-assisteo  neat  pomps:  ti 
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TOR 01 I62S2 

PERFORMANCE  PREDICTION  EVALUATION  OF  CERAMIC  MATERIALS  IN 
PQ IN I— FOCUS I TO  SOLAR  RECEIVERS 
EWING.  J.)  2  Wi SSLER •  3. 

JET  PROPULSION  LAb. .  PASADENA.  CA  IUSAI 
S 

OEP.  NT  IS.  PC  AOA/MF  AOI. 

CONTRACT  E*  — 77  —A— 29— l 060 

1  JUN  197V 

EDB -I *0 793 i 36020* 

t 06-1*0703 

002 / JPL — 1069-23 

A  PERFORMANCE  PREDICTION  MODEL  WAS  ADAPTED  ID  EVALUATE  THE  DSC 
OF  CERAMIC  MATERIALS  IN  SOLAR  RECEIVERS  FOR  POINT -F OcOS IMG 
DISTRIBUTED  APPLICATIONS.  IPS  SYSTEM  REQUIREMENTS  WERE 
DETERMINED  ITOLUDING  THE  NECEIVER  OPERATING  ENV1MONMEN1  (SUCH 
AS  CONCENTRATOR  PERFORMANCE  AND  ENVIMCiNMENT/NATURAL  OCCURRENCES) 
AND  SYSTEM  OPERATING  PARAMETERS  FOR  VARIOUS  ENGINE  TYPES. 
PRELIMINARY  TOCEIVER  DESIGNS  EVOLVE  FROM  THESE  STSTEM 

REQUIREMENTS,  specific  receiver  designs  evaluated  in  this 
REPORT  lO  DETERMINE  MATERIAL  FUNCIIONAL  REQUIREMENTS  INCLUDE 
lit  NRL  SOLCTOM  CON VERT LKS HE AT  EaCHANgER.  MIT/ll  CERAMIC  DOME. 
BLACK  AND  VEATCM/EPRI  CERAMIC  TUBE  RECEIVER.  AND  the  SANDERS 
H04EVCONB  MATRIX  BRATTON  RECEIVE*.  STATUS  OF  THt  FIRST  PHASE  OF 
A  CONTINUING  TASK  OF  EVALUATION  AND  REPORTING  ON  HIGH 
TEMPERATURE  CERAMICS  FOR  SOLAR  THERMAL  RECEIVER  APPLICATIONS  IS 
OESCRIBED.  SUBSEQUENT  RETORTS  WILL  DEVELOP  THE  PERFORMANCE 
PREDICTION  MU) EL  IN  MORE  DETAIL  AND  PROVIDE  DATA  UN  ITS  USE  IN 

the  several  hi  oh  te«f>erature  receiver  and  reactor  designs 
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PLANNL O  FOR  CR  UMIED  DEVELOPMENT. 

BRAVTON  CYCLES  CAVITY  RECt I VERSSLERAMICS:  T (DISTRIBUTED 
COLLECT  OH  Ptl^H  PLANTES  T 1  SE VALUAT ION SFt  A T  EXCHANCE  RES  HONE  VCOMb 
STRUCTURES SMAT  CR  I ALES  02 SM AT  EH  1 AL  E  TE ET INC SMATHEMAT ICAL  MODE  Li S 
PARABOLIC  D I  Sn  COLA.  EC  TONES  PARABOLIC  REEL  EC  TOMES  PE  AF  ONMANCE  S 
RANK  INC  CYCLE  ENGINES 5  SOLAN  RECEIVERS:  T2.0I  SET IRL1NG  ENGINES: 
TEMPEHAlVMt  <M  AO IENT ES THERMAL  CONOUC 1 1  VI T Y ST HEHMAL  SHOCKS 

tfcrmal  stresses: tubes 
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79C00bb 121 

ADVANCED  AND  O  EC  ENT  KAL  I  i.  CO  INSTALLATIONS  FUR  COMBINED 
PRODUCTION  OF  Mi  AT  AND  PUBEN  IN  DENELLY  POPULATED  ARLAS 
LEI JCNDECKERE.  P.H.H.S  ENGELS.  M.A.S  MARTENS.  H. 

EKCRGY  USE  MANAGEMENT 
FAtiOLARL.  N.S  SMITH.  C.B.  4EDS.I 
CQNF  -771  009 — P3ANDP4 
EEI-SIO 

INTERNATIONAL  CONFENENCE  UN  ENERGY  USE  MANAGEMENT 
TUCSON.  A* ,  USA 
24  OCT  IW7 

PERGAMON  PRESS  INC..  ELMSFURD.  NY 
197b 

E0b-290b00:320b03:326101 
COB— 2V0SG0 

IT  IS  KNOBN  THAT  EFFICIENT  ENERGY  CONSUMPTION  IS  OF  UTMOST 
IMPORTANCE  NUB.  BOTH  FOR  THE  SHORT-  AND  MED  1UM-LIP<C  TERM.  IN 
EFFECTUATING  A  MORE-CPF 1CIENT  CONSUMPTION  OF  ENERGY  TmERE  ARE 
T BO  IMPORTANT  POSSIBILITIES:  A  DECREASE  IN  THE  ULTIMATE  USE  OF 
CMRgY.  SUCH  AS  FOR  HEATING.  LIGHT.  TRANSPORTATIONS  AND  AN 
IMRUVEMCNT  IN  THE  OUTPUT  OF  THE  CIMVERSIUN  OF  FutLS  IN  FINAL 
FUNCTIONS  (HEAT.  ELELTR I  Cl  TV  I.  AND  AN  IMPROVEMENT  IN  THEIR 
TRANSPORT.  Tt€  FIRST  POSSIBILITY  BILL  TAKE  PLACE  THROUGH 
MEASURES  TAKEN  BY  THE  FINAL  CONSUMERS  THEMSELVES.  THE  SECOND 
POSSIBILITY  M  UU IRE  S  TCCMilLAL.  CIVIL  PLANNING.  AND  MANAGERIAL 
MEASURLS  FOR  THE  ENERGY  SUPPLY  OF  LARGER  GROUPS  UF  CONSUMERS 
(THE  INUUSTRY.  URBAN  HOUSING  AREAS!.  THIS  BILL  HA Vt 
CIMSEGUENCES  FOR  THE  INFRASTRUCTURAL  PROVISIONS  B I THIN 
COMMUNITIES  and  for  selection  OF  THE  TECHNICAL  SYSTEMS  That  ARE 
TO  BE  EMPLOYED  IN  THE  FUTURE.  THIS  SCCONO  CATEGORY  IS  THE 
SUBJECT  UF  THIS  PAPER.  SOMt  NEB  SYSTEMS  FOR  A  MAXIMUM 
CONVERSION  OF  FULLS  INTU  FINAL  ENERGY  FUNCTIUNS  AND  CUMPONtN TS 
OF  THESL  SYSTEMS  ARE  DISCUSSED.  IN  ORDER  TO  GET  THE 

most-cunpletl  insight  into  the  actual  fuel  consumptiun  and 

SAVINGS  BlTN  1*  COMBINATION  UF  TOTAL  ENERGY.  HEAT  PUMP.  AND 
ORGANIC  RANK  InE  CYCLE  DESCRIBED.  A  COMPUTER  SIMULATION  MODEL 
BAS  UEVELOPtU.  THE  POSSIBILITIES  OF  SUCH  A  SYSTEM  ARt  UFFEHtO. 
(MCBI 

CO-CtNERAT IONS  T2SC0MMUNIT 1ESSCUNVERSIONSELECTR 1C  PObERSENERGY 
CONSUMPT IONSENt»GY  EFF I C IENCY  SFEASlbl LIT V  STUUlLSSHEAI  PUMPSS 
INTERNAL  COMBUST IUN  ENG I  At  SSRANKlNt  CYCLE  ENGINES SRES IOLNT I AL 
SECTOR  5 SIMULAT IONS SPACE  It  AT  I NGS THERMAL  EFFICIENCY:  O I .02  S  TOTAL 
EfCRGV  systems:  Tl 
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UEVELOPMLNI  OF  A  HIGH  TEi^ERATURc  SOLAR  POBEREO  BATER  CHILLER. 
VULUME  4.  (RASE  1  TECHNICAL  PROGRESS  REPORT.  SEPTEMBER  26. 
1977— JUNE  1.  197b 
ENGLISH.  R • A • 

CARRIER  CORP..  SYRACUSE.  NY  (USAI.  ENERGY  SVSTtMS  DlV. 

ISO 

OEP.  NT  IS.  PC  A9  7/MF  Abl. 

CONTRACT  EG— 77-C-03—  1S90 
JUN  |97b 
E0b-I4090l 
t 08-140901 
SAN - IS99-I/4 

1M  PERFIMMANCE  UF  THE  HIGH  TERPERATURE  SOLAR  POBEREO  BATER 
CHILLER  BAS  EVALUATED  IN  A  SOLAR  SYSTEM.  THREE  CLIMATIC  REGIONS 
VtRt  SELECTED  FOR  THE  EV AL.UA T  IUN  BHlCH  REPRESENT  SIGNIFICANT 
VARIATIONS  IN  1C  AT  1 NG  TO  COOLING  RATIO.  TYPICAL  MULTI-FAMILY 
AMI  COMMERCIAL  BUILDING  CONSTRUCTIONS  BEME  SELECTED  FOR  EACH 
LOCATION.  AND  BUILDING  LUAD  FILES  CREATED  USING  THE  TRNSVS 


PROGRAM.  SOLAR  &  VST  EM  COMPONENTS  ME  ML  SELECTED  CIN  A  PRELIMINARY 

basis  and  sihjuiion  models  meme  prepamlo  for  each,  including 

TFfc  CHILLER.  COMPONENT  COS  1  AND  TOTAL  SVSTEM  COST  DATA  MERE 
DEVELOPED  FOR  ECONOMIC  TRADE-OFF  STUDIES.  IT  IS  INTENDED.  UNDER 
THIS  CONTRACT.  TO  EVALUATE  VARIOUS  SVSTEM  CONFIGURATIONS  TO 
DETERMINE  MHICH  BEST  INTERFACES  MITh  THE  SOLAR  DRIVEN  RANK INE 
UNIT.  BOTH  FROM  A  PERFORMANCE  AND  ECONOMIC  STANDPOINT. 
PRELIMINARY  PARAMETRIC  STUDIES  MERE  BEGUN  TO  IDENTIFY  THE  BEST 
TVPE  OF  SVSTEM  A NO  BEST  COMPONENT  SIZING  FOR  A  COMMERCIAL 
BUILDING  IN  TV O  CITIES.  SOME  PRELIMANRV  ANNUAL  PERFORMANCE  DATA 
HAVE  BEEN  OBTAMED  AND  RELATED  TO  CONVENTIONAL  EOUIPMEN1 
PERFORMANCE. 

DESCRIPTORS  COLD  S10RAGE  i£  VALUAT IDNi  PERFORMANCE :  u I {RANK INE  CVCLE  ENGINES: 

OliSENSlBLE  HEAT  STORAGE  iSlTE  SELECTION! SI It  I SOLAR  AIR 
CQNDIT tUFfcRS!  TI {TANKS! VAPOR  COMPRESSION  REFRIGERATION  CVCLE 


ACCESSION  NO.  7VB00732V7 

TITLE(MOFO)  POWER  TECHNOLOGY 

EOITOR  UR  COMP  STEPHLNSIM .  G.  E. 

PAGE  NO  460 

PUBL  LOC  OfcLMAR  PUBLISHERS.  ALBANY.  NY 

,  DATE  IV7V 

ISBN  CODE  ISBN  0-6273-1023-4 

CATEGORIES  E OB -3301 00 S 330 200 1200000 

PRIMARY  CAT  E OB— 330 1 00 

augmentation  book 

ABSTRACT  POWER  TECHNOLOGY  INTRODUCES  THE  STUDENT  TD  THE  BASIC  SOURCES  OF 

ENERGY  AM)  HLM  PRlMt  MOVERS  OPERATE.  IT  IS  DESIGNED  TO  MAKE  THE 
STUDENT  MORE  A  MARE  OF  THE  MAY  EACH  WORKS.  IN  ADDI1ION  TO 
REVIEWING  Iht  BASIC  PRINCIPLES  OF  INTERNAL  AND  EXTERNAL 
CCMbUST I O*  ENGINES.  AND  ELECTRIC  POWER  GENERATION.  STORAGE  AND 
TRANSMISSION.  THE  FOLLOWING  NEW  lOPICS  ARE  DISCUSSED! 
ALTERNATIVE  SOURCES  OF  ENERGY!  OVERDRIVE  TRANSMISSIONS! 
TURBOCHARGING!  THRUST  REVERSING!  SPACE  SHUT  ILL!  NUCLEAR  FUSION! 
RECYCLING!  1«W>R0V1NG  AUTtNOEILE  ENGINE  ECONOMY  AND  REDUCING 
POLLUTION!  AN)  OCTANE,  ttt  FINAL  SECTION  IS  DEVOTED  TO  POWER 
TECHNOLOGY  AHA  THE  ENVIRONMENT.  ILCLI 

DESCRIPTORS  DIRECT  ENERGY  CONVERSION iENERGY  CONVERSION!  MI  {ENERGY  SOURCES! 

environmental  effects: internal  combustion  engines:  M2i 

MECHANICAL  TRANSMI SSIONS {NUCLEAR  POWE R iOPERA T ION!  02 ! POWER 
GENERA! IdNiRANKlNE  CVCLE  ENG INES iREV IE WS !  Ul iSAFETY {STEAM 
TURBINES 
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TITLE (MONO  I  MIDDLING  OF  RAHKINE  CYCLE/VAPOR  COMPRESSION  CVCLE  COOLING 

SYSTEMS  FOR  SOLAR  ENERGY  APPLICATIONS 
EDITOR  OR  COMP  EGAICAN.  A.N. 

PAGE  NO  21V 

AVAILABILITY  UNIVERSITY  MICROFILMS  ORDER  *0.7000374. 

PUBL  LOC  UNI  V ■ •  UF  MARYLAND.  COLLEGE  PARK.  MD 

OATE  »V77 

THESIS  T Ft  SIS  (PH.  D.  I 

CATEGORIES  E06-I4090I 

PRIMARY  CAT  E0B-I40V01 

ABSTRACT  AN  ORGANIC  FLUID  RANK INE  CYCLE/VAPOR  COMPRESSION  CVCLE  IRC/VCC ) 

COMPUTATIONAL  MODEL  WAS  QE VELOPED  FOR  USE  IN  SOLAR  CODLING 
SYSTEM  COMPUTER  S1MUCATILNS.  SOLAR  CUUL ING  SVSTEM  COMPUTER 
SIMULATIONS  ARE  UTILIZED  IN  THE  Ut TERMlNAT ION  OF  OAlEV  AND 
SEASONAL  COOLING  PERFORMANCE  AND  IN  DETERMINING  OESIGN  VALUES 
SUCH  AS  COOLING  CAPACITY.  COLLECTOR  AREA.  STORAGE  Silt.  AND 
SUES  OF  PUMPS  AND  PIPING.  RC/VCC  SOLAR  CODLING  SYSTEMS  CONVLR1 
CULLEC 1 LO  SOLAR  HEAT  INTO  A  COOLING  EFFECT.  THIS  IS 
ACCOMPLI SHE OAT  THE  SITE  OF  THE  INSTALLATION  BY  USING  THE 
RANKINE  CVCLE  TO  GENERATE  THE  SHAFT  WORK  RtOUlRED  TU  DRIVE  A 
VAPUM  COMPRESSION  CYCLE.  THE  ON-SITE  SOLAR  PUWEREO  RANKINE 
CYCLE  DIFFERS  FROM  A  CENTRAL  STATIUN  RANKINE  CYCLE  IN  THAI  TFt 
SOLAR  POWERED  HAHINE  CVCLE  OPERATES  A1  MUCH  LOWER  BOILER 
TEMPER  A  TIME  GDMISTEMT  WITH  THE  USE  OF  FLAT  PLATE  OR  LOW 
CONCENTRATION  RATIO  COLLECTORS.  IN  THIS  STUDY.  DESIGN  AND 
OFF  -DE SIGN  TECFMIUUES  WERE  0CVEU3PED  WHICH  TOOK  INTO  ACCOUNT 
HEAT  TRANSFER  EFFECTS  AND  ROTATIONAL  COMPONENT  INEFFICIENCIES. 
BOILERS! COEFFICIENT  OF  PERFORMANCE {COMPUTER  CALCULAT IONS! OES IGN! 
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79C003S336 

CONNER  1 CAL  POTENTIAL  OF  SOLAR-POWERED  IRRIGATION  SYSTEMS:  A 
CASE  HISTORY 

CONNER.  J.G. i  HOFMAFM.  P .L . I  HARVEY.  T.W.;  MCKEUN.  J.C. 

solar  diversification.  vol.  2.1 
BOEEH.  K.b.;  FRANTA.  G.E .  IEOS.) 

CONF  -7B0bbb — P  I 
943-946 

MEETING  OF  Tf£  AMERICAN  SECTION  OF  THE  INTERNATIONAL  SOLAR 
ENERGY  SOCIETY 
DENVER.  CO.  OB  A 
2b  AOG  IV7b 

AMERICAN  StCTICM  OF  THE  INTERNATIONAL  SOLAR  ENERGY  SOCIETY, 

INC..  NEWARK.  OE 

197b 

EOb-t 40909; I A0300 
EDU-1409OV 

ACTIVITIES  UNDERTAKEN  BY  THE  NORTHbESTERN  MUTUAL  LIFE  INSURANCE 

Company  inmli  and  battelle  nlmurial  institute  ibmii  during  1977 

IN  ATTEMPTING  TO  COMMERCIALIZE  THE  NML/BMI  SO  HP  SOLAR -POWERED 
IRRIGATION  SYSTEM  (SISI  SITED  ON  THE  NML  RANCH  IN  GILA  BEND. 
ARIZONA.  ARE  OUTLINED.  COSTS  ASSOCIATED  ■ I TM  THE  GILA  BEND  UNIT 
AHt  PROVIDED.  ALONG  bITH  EXTRAPOLATIONS  OF  MANUFACTURING  COSTS 
TO  1000  UNITS.  A  • * BUSINESS  MODEL*'  IS  DESCRIBED  BHlCH  MAS 
DEVELOPED  TO  PROVIDE  AN  ECONOMIC  FRAMEMORK  FUR  THE  PROPOSED 
IMPLEMENTAT I  IN  OF  A  SIS  BUSINESS.  USING  VARIOUS  BASIC  BUSINESS 
ASSUMPTIONS  AS  INPUT  DATA.  THE  MODEL  PERMITS  CALCULATION  OF  THE 
COMPEIITJVE  SELLING  PRICE  OF  SOLAR  VS  ELECTRICALLY  PObERED 
IRRIGATION  SYSTEMS  AS  A  FUNCTION  OF  TIME.  CONTACTS  bITH 
POTENT IAC  MAXI  FACT ORE RS  REGARDING  COMMERCIALIZATION  OF  THE  SIS 
VIA  A  PROPOSED  DEMONSTRATION  PROGRAM  ARE  REV1ENED.  REASONS 
GIVEN  BY  THE  COMPANIES  FOR  NOT  PARTICIPATING  IN 
COMMERCIALIZATION  EFFORTS  TO  DATE  ARE  SUMMARIZED  ALONG  bITH 
RECOMMENDATIONS  FOR  FUTURE  ACTIVITIES. 

commercialization:  gi ;cost seconumic  analysis seconomics:  at: 

IRR I GAT  ION : MAN  IP  AC  TUR  JNG ; POWER  RANGE  10-100  Kb ; RANK  1 NE  CYCLE 
ENGINES  IRE  COIMENDAT  IONS  I  SOLAR  bATER  PU*PS:  Tl 
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SOLAR  ENGINE  USED  TO  PObtR  A  23  TON  WATER  CHILLER 
BATTON.  b.U.I  BARBER*  R.t. 

BARBER— NICHOLS  ENGINEERING  CO.*  ARVADA.  CO 
SOLAR  DIVERSIFICATION.  VOL  2.1 
BUEER.  K.b.t  FRANTA.  G.E.  IEUS.I 
C0NF-7B080B-- P  | 

465-469 

MEETING  OF  T»C  AMERICAN  SECTION  OF  THE  INTERNATIONAL  SOLAR 
ENERGY  SOCIETY 
DENVER.  CO.  DBA 
2b  AUG  IV7B 

AMERICAN  SECTION  OF  THE  INTERNATIONAL  SOLAR  ENERGY  SOCIETY. 

INC..  NEWARK.  DC 

197b 

£08-140901 
E 08-140901 

A  RANK  1  NE  ENU«  THAI  DRIVES  A  CONVENTIONAL.  HIGH  EFFICIENCY  8b 
KW  123  TON)  ME  TER  CHILLER  IS  DESCRIBED.  THE  ENGINE  OPERATES  AT 
80S SUP  OSC  <17 6* SOP  OAF )  USING  FLAT  PLATE  COLLECTORS.  HEAT  FROM 
ThC  ENGINE  IS  REJECTED  TO  A  COOLING  TOWER.  THE  RANK 1 NE  ENGINE 
OSES  R-113  AS  A  WORKING  FLUID.  DRIVING  A  RADIAL  INFLOW  TURBINE 
RUNNING  at  24.00b  RPM.  IK  TURBINE  SPEED  IS  REDUCED  TO  1200  HPM 
BY  A  GEARBOX  AND  THE  OUlHlT  POWER  IS  14  KW  (19  HP).  THE  OPEN 
COMPRESSOR  IS  DRIVEN  BY  THE  GEARBOX  THROUGH  A  CONVENTIONAL 
ELECTRIC  MO TIN  WHICH  ALSO  SUPPLIES  AUXILIARY  POWER  DURING 
PERIODS  OF  NO  SOLAR  ENERGY.  THE  FIRST  SYSTEM  HAS  BEEN  ASSEMBLED 
ANO  TESTED.  IT  WILL  BE  INSTALLED  IN  THE  FIELD  ALONG  WITH 
ADDITIONAL  UNITS  PRESENT  LT  BEING  ASSEMBLED.  THE  MEASURED 
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PERFORMANCE  b  OtlTEK  THAN  PREDICTED  AND  IS  PAi.St.N1tO  • 

DESIGN:  U2;flA1  PLATE  COLLECTORSIHtAT  EXCHANGERS! PERFORMANCE : 
02;P0BER  MANIA.  10-100  KBSRANKINE  CYCLE  ENG  INES 1  RE  F  R  I  Gt  RANI  s; 
SUL  .SOLAR  AIM  CUND  IT  IONERS:  T I i SOLAR  MEA1  ENGINES:  1b. 01 
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OATb  SEP  I  V7b 

CATEGORIES  EDB-140V01 

PRIMARY  CAT  EGB-I40V01 

REPORT  NO  BNL — 24Vy« 

ABSTRACT  THE  STATUS  OF  .Ht  PRINCIPAL  SOLAR  ENERGY  CUNVERS1UN  PRQCbSSES 

PUR  COOLING  is  reviewed;  applications  READY  for  demonstrations 

ARE  IDENTIFIED;  AMO  DIRECTIONS  FOR  NEAR  TERM  R  AND  D  EFFORTS 
NEEDED  TO  BRING  OTHER  POTENTIALLY  SUCCESSFUL  COOLING  SYSTEMS  TO 
IF*.  POINT  OF  GEMONSTNAT ION  ARE  RECOMMENDED.  THE  PRINCIPAL  SOLAR 

cooling  methlos  ame  classified  as;  absorption,  heat 
cmgine/vapur  compression,  DESICCANT,  solar  ASSISTED  HEAT  PUMP. 
PHOIQVOLTAIC  HLA1  PUMP,  ANO  PASS1VL  AND  OTHERS. 

DESCMIPTUIS  ABSOMPTUN  RtFRIGERAT  ION  CYCLE  ;  BNL  IDES  ICC  ANT  s  (HEAT  PUMPSlPDvER 

SiA>PLIESiRANAl  Ft  CYCLE  ENGINES  (RESEARCH  PROGRAMS:  GllREVIEVS; 
SOLAR  AIR  CUMj  IT 1LMERSISU.AR  CELL  ARRAY  S « SOLAR  COOLING  SYSTEMS: 
TIISOLAR  HEAT  ENGINtS. SOLAR— ASSISTED  HEAT  PUMPSIUS  DOE .VAPOR 
CCMPRESSION  REFRIGERATION  CYCLE 
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AN  AOVANCEU  RAMA INE -CYCLE  LNGINE  BHICH  CAN  RUN  ON  EITHER  STEAM 
ON  A  COMMON  tCFRlGEMANT  HAS  bE EN  INTRODUCED  BY  SULAR  ENERGY 
SYSTEMS.  INC.  THE  SMALL  THERMAL  ENGINES  CAN  BL  PDatRED  oY 
RECOVERED  BASTE  HEAT  OR  SOLAR  ENERGY  TO  HEAT  THE  REFRIGERANT. 

light  industries  Investing  in  their  ubn  poser  plant  mill  spe 

ABOUT  *30.000  FOR  A  2S  AlLOMATT  SYSTEM  IF  THEY  USE  FREE  WASTE 
HEAT  UR  SOLAR  ENERGY.  A  LARGE.  TOTAL  COMMUNITY  CD-GENERAT ION 
SYSTEM  BILL  l£  INSTALLED  OUTSIDE  PHOENIX.  ARIZONA.  AN  EXTENDED 
PAYBACK.  PERIOD  AND  A  LACK  OF  FINANCIAL  INCENTIVES  ARE  THE  MAJOR 
OBSTACLES  TU  E  W»AN0 IMG  T  Ft  MARKET  FDR  1 HE  SYSTEM. 
C0-GENERATI0N;CUSTSENERGY  EPF ILIENCV ; ENERGY  RECOVER Y 5 ENG INES ; 
FINANCIAL  INCN1  IVESIHEAT  RECOVER  V  l  INVESTMENT  (MAHKE  T  :  U1  ; 
PAYBACK  PERICSiPOBEK  GEN ERA T ION (RAMI  I NE  CYCLE  ENGINES*.  T1S 
MEFR IGERANT S 
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FILED  DATE  2b  DEC  IV73 

« 

A  QC  T  I V  77 
EUB-42S002 
COB— 42 S 002 
PATENT 

A  MODIFIED  RANK I NL  CYCLE  STEAM  ENGINE  APPARATUS  EMPLOYS  A  Jt 1 
PUMP  TO  BITHURAB  COOLED  STEAM  FROM  AN  ADIABATIC  EXPANSION 
ENGINE  AhO  RETURN  T  Ft  ST  CAM  TO  A  BUILER  FOR  REHEATING.  THE  Jtl 
PUMP  DRABS  T ft  EXPANDED.  SPENT  STEAM  FROM  THE  EXPANSION  ENGINE 
INTO  A  THROTTLED  FLUB  OF  STEAM  PASSING  THROUGH  THE  JE1  PUMP 
FROM  T BO  TAP-OFF  POINTS  IN  THE  BOILER. 
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PHASE  I  RE  PORT  5  SOLAR  ASSESSMENT  STUDY  IN  TFC  SUPPORT  OF  THE 
INTERNATIONAL  ERISTICS  PROGRAM 

LITTLE  I AR  THIN  O.l*  INC..  CAMBRIDGE.  MA  IUSAI 
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the  community  systems  branch  of  EROA  IS  FORKING  FITm  THE  GREEK 
government  to  determine  f*j«  both  conventional  a no  renefable 

EFfckGY  SUURCES  CAN  BE  USED  TO  REDUCE  THE  CONSUMPTION  OF 

convent ional  fuels  in  a  iei  community  being  plafmed  for  the 

COAST  OF  CRETE.  THE  GENERAL  PROGRAM  APPROACH  IS  SHOFN 
SCHLMAT I CALL Y.  AVAILABLE  CLIMATIC.  AND  INSOLATION  DATA  FROM 
CRETE  FERE  USED  TO  MAKE  ROUGH  ESTIMATES  FOR  THE  HEATING/COOLING 
LOADS  FH1CH  FILL  OCCUR  ON  INDIVIDUAL  BUILDINGS  AND  FOR  THE 
COMMUNITY  AS  A  FHOLt.  THESE  DATA  FERt  CONSIDERED  IN  PREPARING 
••GENERALISED  COMMUNITY  ENERGY  SYSTEM  CONCEPTS* •  PITH  EMPHASIS 

placed  on  systems  using  renefable  energy  sources,  the 

GtNtRAC I  CEO  ENERGY  SYSTEM  CONCEPTS  FERE  PREPARED  ONLY  IN 
SUFFICIENT  DETAIL  AND  NUMBERS  TO  IDENTIFY  THE  KEY  ENERGY 
SUBSYSTEM  FH1CH  MOULD  BE  USEU  AS  TFt  BUILDING  BLOCKS  FOR  MOST 
OF  THE  ENERGY  SYSTEM  CUNCLPTS.  THE  TECHN 1C AL/COST  PERFORMANCE 
OF  SELECTED  BASIC  ENERGY  SUBSYSTEM  MODULES  USING  RENEFABLE 
EFR.RGY  SUURCES  MAS  ESTIMATED  USING  BOTH  IN -MOUSE  ANALYSIS  AND 
OUTSIDE  INFORMATION  SOURCES  (NANUF AC TUNERS  LITERATURE.  ERDA 
REPORTS.  ETC.I.  THE  STATUS  OF  THE  IMPORTANT  COMPONENT S 
(COLLECTORS.  ENGINES.  SI  CM  AGE  UNITS.  ETC.I  COMPRISING  THE 
VARIOUS  KEY  ENERGY  SUBSYSTEMS  FAS  THEN  ME-REVIEFED  To  PROVIDE 
IFFORMAI ION  EM  COMPONENT  OPERATION.  PHYSICAL  CONFIGURATIONS. 
COST.  AVAlLAblLllY.  MANUFACTURERS.  AND  MAINTENANCE 
REGUIREMENTS. 

ABSUMPTUM  REFRIGERATION  C  VCLE  i  AV  A 1LAB IL  I T  Y  i  COMPOST  ING  ; 

concentrating  collectors ;cost;dehumid if iers; desiccants : energy 
soukcl  dlvelipment  i  utigreecl:  t*  ;grlenhuuses:heat  pumps;  fie  at 
sturage;heat ing  load; ices:  T3. 02; insulat ion: intennat ional 
COOPER AT lONi MA INTENANCE • MANUFACTURERS ;TNiOT OVOL TAIL  POFER  PLANTS 
PLANNED  COMMEMITIES:  TllRANKINE  CYCLE  ENG  1 Nt SJRE V 1 E MS ; SDL AR 
CELLS; SOLAR  COLLECTORS ;SULAR  COOLING  SYSTEMS {SOLAR  DISTILLATION 

sea. ar  enlrgv:  u3; solar  heating  systems:sdlar  thermal  power 
plants ;faste  heat  UTILI2 at ion;fino;find  pofer  plants 
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ACUHEX  CONCENTRATES  ON  SULAR  ENERGY 

ROSS  I  TER.  E . 
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EUB— 140909;  I  A090S;  I  A030G 

E0B-IA0V09 

CONF  — 77G9S  J - 

SEVERAL  thermal  APPLICATIONS  for  solan  systems  are  described. 
INCLUDING  IRRIGATION  PUMPING.  PROCESS  HUT  FATeR.  AND  PROCESS 
STEAM.  THE  DESIGN  AND  LUFfeTHUCTIUN  OF  THE  2S-MP  SOLAR 
IRRIGATION  SYSTEM  AT  FlLLARO.  NEF  MEXICO  IS  DISCUSSED  IN  SOME 
DETAIL.  SOME  ASPECTS  ON  THE  ECOMJMICS  AND  COSTS  FOR  SYSTEMS  ARE 
PRESENTED. 

cust; ecomimics :  ui.o2.Q3.oa;irrigation;operation:  02.03; 

PARABOLIC  TROUGH  COLLECT  URS:  1 4 . R ANK I NE  CYCLE  ENG INES; SOLAR 
PROCESS  HEAT:  Tl (SOLAR  FATER  HEATERS:  T2 .0  I « SOLAR  FATER  PUMPS: 
T3;steam  generators; fells 
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1V77 
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TK.  PROBLEM  (JF  INTEGRATION  OF  some  PROMISING  SOLAN  AUGMENTATION 
CCWCEPTS  ■ 1 TM  CONVENTIONAL  BUILDING  HEATING.  VENTILATING.  ANO 
AIR  CONDITIONING  AND  POWER  SYSTEMS  IS  DISCUSSED.  THE  FOLLOWING 
TOPICS  ARE  O  IS CUSSED.  SOLAR  VARIABILITY.  THERMODYNAMIC 

AVAILABILITY,  re  at  pumps,  rankine  cycle  engines,  chemical 

DEHUMlOIF 1CAT1 ON  POTENTIALS.  OPERATING  CYCLES.  DYNAMIC  STORAGE 
POTENTIALS.  SELECTING  SOLAR  COLLECTORS  FOR  POWER  OPTIONS.  AND 
SOLAN  SYSTEM  COSTS  AND  MARKET  PROJECTIONS.  (  MMR  I 
AIR  CURD IT lONI MG 1AV A I LAB IL I T  Y 1BU 1LD INGS 1 CO ST SDbHUMl O I F IER S 1 

economic  analysis:  giifeasibility  studies:  g i jmeai  pumps: 
heating  system ss insolat i on : market : rank ine  cycle  enginesisolar 
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ABSTRACT  A  TECHNOLOGY  ASSESSMENT  OF  VARIOUS  HEAT  ENG I  re  S  FUR  AUTOMOBILE 

PROPULSION  IS  PRESENTED  LOVERING:  THE  SPARK  IGNITION  (OTTOl 

engine:  the  compression  ignition  ioieseli  engine;  the  vapor 

CYCLE  (RANKIFC)  ENGINE;  THE  STIRLING  ENGINE;  ANO  I HE  OPEN  ANO 
CEO SCO  bRAYllW  CYCLE  (GAS  TORb INE  S 1  ENGINES.  COMPARATIVE  DATA 
GIVEN  INCCUOE  TEMPERATURE  RATIO.  THERMAE  EFFICIENCY.  POWER  TO 
MASS  RATIO.  EXHAUST  EMISSIONS.  AND  MANUFACTURING  COST.  THE 
DEFECTS  OF  ALTERNATIVE  ENGINES  TO  THL  SPARE  IGNITION  ENGINE  ARE 
CLEARER  THAN  T1CIH  VIRTUES.  AND  THE  CHDICt  OF  A  SINGLE  BCST 
ALTERNATIVE  IS  COMPLEX.  GOVERNMENT  POLICIES  WITH  RESPECT  TC  THE 
AUTOMOTIVE  INDUSTRY  ARE  OISCUSSEO.  (PMAI 
DESCRIPTORS  AUTOMOBILES:  T I i COS T ;D IE  SEE  ENGINES; EXHAUST  GASES  SGAS  TURBINES! 

GOVERNMENT  POL  1C IES (HE AT  ENGINES:  T2.0 I (POWER .RANK I Nfc  CYCLE 
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ABSTRACT  THE  ECONOMICS  MAS  ANALYZED  OF  A  FIELD  OF  SHALLOa  SOLAR  PONDS 

THAT  PRE  SUM AbL  Y  SUPPLIES  THE  HEAT  FOR  A  RANAINC  CYCLE  ENGINE 
USING  REFRIGtRANT  R-113  FOR  THE  BONKING  FLUID.  VMEN  OPERATING. 
the  engine  scppljes  iso  ab  of  shaft  purer.  12s  kb  of  that  is 
available  for  oe ep— bell  irrigation  pumping,  the  system 

COMPONENTS  HAVE  BEEN  CHOSEN  TO  PRODUCE  THE  MAXIMUM  NET 
ENERGY — APRIL  THROUGH  OCTOBER— PEM  DOLLAR  OF  INSTALLATION  COST. 
BEATHLR  DATA  ARE  FROM  INYOKERN,  CALIFORNIA.  1962  RECORDS  FOR 
MOST  CALCOLA11  CMS.  IT  BAS  ESTIMATED  THAT.  FOR  A  PRIVATE 
INVESTOR.  THE  REAL  INTERNAL  RATE  OF  RETURN  FOR  THIS 
INST  ALLATION  BOULO  BE  POSITIVE  ONLY  IF  IN  THE  FORSEEABLE  FUTURE 
lrt  COST  OF  CONVENTIONAL  ENERGY  BERE  TO  INFLATE  BX  FASTER  THAN 
TIC  COST  OF  THE  COMMODITIES  NEEDED  BY  THE  SOLAR  SYSTEM.  A  I7E 
DIFFERENTIAL  INFLATION  R AT t  BOULO  PRODUCE  A  10X  RATE  OF  RETURN. 
REDUCTION  in  cost  OF  THE  SHALLOB  solar  PONDS  POTENTIALLY  COULD 
REDUCE  THE  SYSTEM  INSTALLATION  COST  BY  ABOUT  20X. 

descriptors  cal i forma ;cus t; economics; engineer ing:  02;feasibilitv  studies: 

DI.U21FREDNS  il nstallation: irrigation:  T3; ramkine  cycle  engines: 
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CUNREN1  COSTS  OF  SOLAR  PObEREO  ORGANIC  RANK  INC.  CYCLE  ENGINES 
BARBER.  k.E. 

BARBER— N 1C HOLS  ENG  CO.  ARVADA.  COLO 
SOL.  ENERGY.  V.  20.  NO.  I.  PP.  1-6 
1976 

EDO  — I AO 790 .141 0001  I  A 0909 
EDO- 140700 

THIS  PAPER  AGORESSES  THE  TECHNICAL  AND  COST  ASPECTS  OF  THt 
ORGANIC  RANK1NE  CYCLE  AND  ITS  INTERACTION  BITH  THE  SOLAR 
COLLECTOR  AS  A  POBER  SYSTEM.  THE  EFFICIENCY  AND  PRACTICAL 
CCM  Slot  RAT  1076  OF  THE  COMBINED  COLLECTOR  AND  RAMlNt.  SYSTEM 
SMUB  THAT  COLLECTOR  TEMPERATURES  OF  93SSUP  OAC.  IS0-200ASOP 
Q6C.  AND  3ISSSUP  OAC  ARE  OPTIMUM  OPERATING  CONDITIONS  FDR  FLAT 
PLATE.  CONCENTRATORS.  AND  TRACKING  CONCENT RATONS  RESPECTIVELY. 
THE  PEAK  SOLAR  CONVERSION  EFFICIENCIES  OF'  THESE  SYSTEMS  ARE 
APPROXIMATELY  S.  10  ANO  II  PER  CENT  RESPECTIVELY.  IT  IS 
ESTIMATED  THAT  IN  A  PRODUCTION  UNIT  THE  RANK INE  CYCLE  COST  BILL 
BE  APPROXIMATELY  ONE-THIRD  OF  THE  TOTAL  SYSTEM  COST  BITH 
T BO— THIRDS  GOING  TO  THE  COLLECTOR  COMPONENT.  CONSEOUENTL V . 
LOB-COST  COLLECTORS  ARE  CRUCIAL  FOR  COMMERCIALIZATION  OF  SOLAR 
RANK INE  SYSTEMS. 

COMPARATIVE  EVALUAT IONS; CONCLNTRAT IMG  COLLECTORS  I COST :  01.03; 
DESIGN:  01 .v)S ENERGY  EFF 1C  I ENC Y iF L AT  PLATE  COLLECTORS |HE AT 
STORAGE  iPERFGH  NANCE  IRANK  INE  CYCLE  ENGINES  IRAN*  INE  CYCLE  POBER 
SYSTEMS:  Q2.TI IRLFRIGERANTSS SOLAN  CONCENTRAT ORS SSOL AH  ENERGY 
CON VERS  I UN i SUL AR  HEAT  ENGINES:  131  SOLAR  THERMAL  POBER  PLANTS: 
TEiSOLAR  TRACK  ING; TEMPERATURE  DEPENDENCE 
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STRETCHING  TIC  GASOLINE  GALLON;  AN  ENGINEERING  APPROACH 
BLAKE.  S.E. 
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BIN  1974 
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TFCRE  ARE  SEVERAL  BAYS  TO  ACHIEVE  GREATER  EFFICIENCY  IN  THE  USE 
OF  ENERGY  FOR  TRANSPORT A  ION ;  REDUCE  DEMAND  FOR  THOSE  SCARCE 
RESOURCES.  SHIFT  TRAVEL  FROM  HIGH-ENERGY  MOOES  SUCH  AS  THE 
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AUTOMOBILE  TO  MORE  ENERG  V-EF F IL  IkNl  MOOES  SUCH  AS  PUBLIC 
TRANSIT.  AND  REDUCE  t NCR GY  DEMAND  PER  VEHICLE-MILE  BY  MORE 
EFtRGV-EFF  1C  lENT  VEHICLES*  THREE  METHODS  ARE  DISCUSSED  FOR 
REDUCING  ENERGY  DEMAND  PER  VEHICLE-MILE!  ENGINt  I MP MOVEMENTS 
AHJ  ALTERATIVES;  WEIGHT.  SIZE.  AND  SAFETY  FACTORS!  AND  OTHER 
DESIGN  FEATURES.  CHANGES  AND  IMPROVEMENTS  MUST  OBVIOUSLY  BE 
MADE  IN  LNG1 1C  DESIGN.  VEHICLE  SIZE  AND  WEIGHT.  AND  SAFETY  Tu 
MEET  THE  GROWING  DEMAND  FOR  TRANSPORTATION  SERVICLS  AND  AT  THE 
SAME  TIME  ACHIEVE  EFFICIENCY  IN  THE  USE  OF  ENERGY.  IF  ALL  TNt 
AVAILABLE  TEOlMILUGV  IS  APPLIED  TO  EEIST1NG  PASSENGER  VEHICLES. 
T»C  SAVINGS  UIULU  BE  AS  (MEAT  AS  SOS  OF  THE  ESTIMATED  I9BS 
PFCJECTLb  FULL  USE.  THIS  WOULD  SUBSTANTIALLY  EXTEND  THE  SUPPLY 
OF  FOSSIL  FUELS. 

DESCRIPTORS  AIR  PUL  LOT  ION  CONTROL  i  AUTOMOBILES!  TliOESIGN!  Oi;FutL  ECONOMY! 

OliGAS  TURB  I  >CSt  POLLUTION  CONTROL  EOUlPMENl  ;  RANK  I  NE  CYCLE 
END INLSi SAFE TY iSIZC ISPARA  IGNITION  ENG INE Si S IRA T IF 1ED  CHARGE 
ENG  INC  St  WEIGHT 
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ECONOMICS  OF  R  ANA 1 N E-CYCLE  POWER  RECOVERY  FROM  WASTE  PROCESS 
HEAT 

NULL.  H.R. 

MONSANTO  CO..  ST.  LOUIS 
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INTERNATIONAL  CONFERENCE  ON  EICRGV  USE  MANAGEMENT 
TUCSON.  AZ .  USA 
*4  OCT  1977 

PLRGAMON  PRESS  INC..  ELMSFGRD.  NY 
1977 

SEt  CONF -771  ODD— PI 
EUG-3z03u4  izVOBOO 
E 00-320304 

T  Ft  ECONOMIC  RET  URN  HAS  BEEN  DETERMINED  FUR  POWER  RECOVERY  VIA 
AWMHfc  CYCLE  ENGINES  FROM  BASIL  CHEMICAL  PROCESS  HEAT.  A  WIDE 
RANGE  OF  VAR  LABELS.  SUCH  AS  POWER  COST.  WASTE  HEAT  LOAD.  AND 

temperature  cr  available  heat  have  been  considered,  generally. 
VERY  LARGE  WA-Tt  HEAT  LORIS  ARE  REwUlMED  FOR  PROFITABLE  POWER 
RECOVERY.  AND  Tl-JE  TEMPERATURE  DF  THE  AVAILABLE  CA1  MUST  BE 
ABOVE  2 75* SUP  OSF'. 

CHEMICAL  INULBIMV!  T I iECONUM I LSi  OJitNERGV  CONSERVATION!  01! 
HEAT  EXCHANGERS! HEAT  RECOVERY  EOUlPMENl!  T31 INOUSTR I AL  PLANTS! 
OPERATION:  03! PROCESS  HEAliRANKlNE  CYCLE  ENGINES!  T2!»ASTc  HEAT 
UTILIZATION!  D  X.  J2 
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ALTERNATIVE  FOWL  MPL  ANTS.  I SAL  PAPER  730b l« > 

BROGAN.  J.J., 

ENVIRONMENT  EL  PROTECTION  AGENCY.  WASHINGTON.  DC 
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3 1 -3b 

EICRGV  AND  TIC  AUTOMOBILE  FORUM 
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SOCIETY  OF  AUTOMOTIVE  ENGINEERS.  WAMRENDALE.  PA 
1973 
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A  REVIEW  is  MADE  OF  AVAILABLE  DATA  ON  FUEL  ECONOMIES  OF  THE 
ClARENT  IN TE (AVAL  COMBUSTION  ENGINE -POwERcO  AUTOMOBILES  ANO  OF 
TFOSE  WITH  ALTERNATIVE  POWERPLAN1S.  COMPARISONS  OF  FUEL 
ECONOMIES  OF  ALL  THESE  ENGINE  SYSTEMS  ARE  MADE  ON  THE  BASIS  OF 
THE  VEHICLE  WE  IGHT/ ENGINE  DISPLACEMENT.  AND  THE  VEHICLE  wt IGM 
ALONE.  The  TtCRMAL  EFFICIENCIES  ARE  ALSO  COMPARED.  IT  IS  SHOWN 
THAT  SEVLRAL  VERSIONS  OF  THE  DIESEL  ENGINE  WHICH  MEET  The  IV7S 
CLEAN  AIR  ACT  STADOAROS  AND  WHICH  ARL  ON  THE  ROAD  TODAY  ARE 
MCME  EFFICIENT  THAN  THE  CONVENTIONAL  INTERNAL  COMBUSTION  ENGINE 
OF  1973.  MOREOVER.  PROTOTYPE S  OF  OTHER  ALTERNATIVE  SYSTEMS. 
USING  OTFCR  CYCLES  IBRAVTON.  RANK  INE .  STIRLING!  UNDER 
DEVELOPMENT  ARE  ALSO  PROJECTED  TO  PROVIDC  HIGHER  EFFICIENCIES 
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THAN  THE  CONVENTIONAL  INTERNAL  COMBUSTION  ENGINE  OF  1973.  ALL 
COMPARISONS  AH  E  MADE  US1 NU  ThE  FEDERAL  DRIVING  CYCLE  AS  A 
COMMON  REFERENCE. 

AUTUNUfolLES:  Til CLE  AN  AIR  ACT iCOMPARAT I YE  EVALUAT IONSSOIESEL 
ENCINESiENCIFES:  QliFEOERAL  TEST  PROCEDURE  IF UCL  ECONOMY ’.GAS 
TUTS 1NE Si  INTERNAL  COMBUSTION  ENGINES; RANK INC  CYCLE  ENGINES. SIZE! 
SPANK  IGN1T11M  LNC 1 NES i S T1 Rl INC  ENGINES; 1 HERMAL  EFFICIENCY; 
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GOALS  A NO  GUIDELINES:  RANKINE  CYCLE  PROPULSION  SYSTEMS  FOR 
APPLICATION  TO  URBAN  BUSES  AND  OTHER  HEAVV-bUTY  VEHICLES 
RENNER.  R • A • 

INTERNATIONAL  RESEARCH  AK>  TECHNOLOGY  CORP..  WASHINGTON.  D.L. 

I  USA) 

IRT - 30  I  -R;  LN  TA-CA — 00-0031  -72-3 

20 

NT  IS  S3. 00. 

I  DEC  1072 
EUB— 330202 ) 330003 
EUB— 330202 
Pb — 2 10143 

PRELIMINARY  COALS  AND  GUIDELINES  ARE  PRESENT  LD  FOR  THE 
DEVELOPMENT  (f  LOW -EM  1 SS  ION  RANKlNt  CYCLE  ENGINE  (RCEI  EXTERNAL 
COMbUST ION  PROPULSION  SYSTEMS  FOR  URBAN  TRANSIT  VEHICLES.  BOTH 
INTERIM  AND  LONG-RANGE  GOALS  FOR  POwLR  SYSTEMS  ARE  DESCRIBED. 

SO  THAT  DEVELOPMENT  CAN  PROGRESS  TOWARD  PROTOTYPES  HAVING 
PROPERTIES  ACCEPTABLE  TO  FLEET  OPERATORS.  UNOER  THE  CALIFORNIA 
STEAM  bUS  PRUJECT.  ThRcE  CONVENTIONAL  40-FOOT  TRANSIT  bUSES 
■ERL  CONVERTED  TO  RCC  POW.R.  OPERATIONAL  TESTING  DEMONSTRATED 
LOW  EXHAUST  EMISSIONS  AND  REDUCED  Mil SE  LEVELS.  bUT  bOTH  WERE 
JUDGED  CAPABLE  OF  FURTHER  IMPROVEMENT.  ROAD  PERFORMANCE  WAS 
COMPETITIVE  WITH  CUNVENT IONAL  DIESEL  PROPULSION.  THE  PURPOSE  OF 
THE  GUIDELINES  PRESENTED  IS  TO  ADDRESS  SEVERAL  OF  The 
PARTICULAR  AREAS  NEEDING  IMPROVEMENT.  EMPHASIS  IS  GIVEN  TO  THE 
NEE  U  FOR  BETTER  FUEL  ECO  M3  MY .  SYSTEM  MEL I Ab I L 1 T V .  AND 
ECONOMICAL  PRODUCT  I  UN.  Tit  GENERAL  GUIDELINES  COVER  ONLY  RLE 
POWER  PLANTS.  ALTHOUGH  GUIDELINES  FOR  OTHER  EXTERNAL  COMBUSTION 
SYSTEMS  ARE  RECOMMENDED.  PRINCIPAL  AREAS  COVcREb  IN  THE  REPORT 
include:  id  a  description  of  tfc  bus  anu  its  characteristics; 

121  GENERAL  POWER  SYSTEM  REUUIREMENTS i  (3)  PERFORMANCE  CRITERIA; 
(4)  FUELS  AND  FUEL  ECONOMY i  IS)  OBJECTIVES  FOR  REDUCTION  OF 
EMISSIONS.  NOISE.  ANU  HEAT  RELEASE;  lb)  OPERATIONAL  SAFETY)  17) 
OPERATING  CHARACTERISTICS;  lb)  RELIABILITY  AND  MAINTENANCE 
FACTORS;  19)  RESOURCES  AM)  MATERIALS  UTILIZATION;  110) 
PRODUCTION  CONSIDERATIONS;  (III  COST  PROJECTIONS;  AND  (12) 
APPLlCAT  IONS. 

automotive  FLELSibuscs:  ti ;cust;design:  oj;economics;eahaust 

GASES  JFUEL  EUK1MVSMA1NT  ENANCE  ;MA  TEH1ALSINOI  SE  i OPERA T  ION  ; 

performance ;pru>uction;hankine  cycle  engines:  tj. 01.02; 
RECOMMENDATIONS; REE IABIL it y; safety ithermal  effluents ;usts; 
vehicles:  T2 
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TRANSIT  BUS  PROPULSION  SYSTEMS  STATE-OF-THE-ART.  FINAL  REPORT 
BOUZ -ALLEN  AM»LltO  RESEARCH.  INC..  BE1HESDA.  MU.  (USA) 
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AUG  1972 

EDB— 330 1 00 . 3 30200 ;  330600 1330700 

EDB-330100 

Pb — 22  bb  7 1 

THE  PRESENT  ST  ATE -OF -THE -AMT  OF  PROPULSIUN  TECHNOLOGY 
APPLICAbLE  TO  THE  4  U-FOOT  TRANSIT  bUS  IS  MEVIEwED.  THE 
APPLICABLE  PROGRAM.  TMANbbUS.  UTILIZES  THE  BEST  AVAILABLE 
COMPONENTS  AM)  TECHNOLOGY  TO  IMPROVE  THE  PERFORMANCE. 
SUITABILITY  AND  PUBLIC  acceptability  OF  The  MOTOR  COACH  FOR 
UM»AN  MASS  TRANSPORTATION.  MAJOR  COVERAGE  IS  GIVEN  TO  DIESEL 
AFC  GAS  TURBINE  ENGINES.  CLOSED-CYCLE  ENGINES  SUCH  AS  RANkINL 
AND  STIRLING  ENGINES  ARE  ALSO  COVERED.  POWER.  WEIGHT.  COST.  AND 
ENVIRONMENTAL  CONSIDERATIONS.  AS  WELL  AS  TRANSMISSION  AND  POWER 


management;  ane  discussed. 

buses:  tdcontrul  svstems;cosi .diesel  engines;e xhaust  gases:  gi 
fuel  consumption; gas  turpi ne simechan i cal  tran&missions;powlr ; 
propulsion;  ut  iramune  cycle  enginesjspark  ignition  engines; 
siirling  engines; technology  assessment IVElGMT 
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PERFORMANCE  CF  POLAR  SOURCE  RANK.INE  CYCLE  ENGINE  COOLING  SYSTEMS 
OLSON.  T.J.:  BCEKMAN.  O.M. ;  bE  CAM AN.  M.A.S  MITCHELL.  J.H. 

UNIV.  OF  RlSCONSIN.  MAO  I  SON 

PROCEEDINGS  OP  TRC  IV77  ANNUAL  MELTING  OF  THE  AMERICAN  SECTION 
OF  THE  INTERNATIONAL  SOLAN  ENERGY  SOCIETY.  VOLUME  I.  SECTIONS 
I — 13 

BEACH.  C.S  F UTOVCE.  E.  I  EOS. I 
7.IS-7. IV 

SOLAR  MOULD  tCtlING 
ORLANDO.  FLORIDA.  USA 
A  JUN  | V77 

AFRICAN  SECTION  OF  THE  INTERNATIONAL  SOLAR  ENERGY  SOCIETY. 

CAPE  CANAVERAL.  FL 
1  V77 

SEE  C0NF-770G03--P1 

EDto-IAOVOI 
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LUNG  TERN  RAFK.INE  ENGINE -SOLAR  COOLING  SYSTEM  PERFORMANCE  FOR 
RESIDENTIAL  COULlNG  IS  SIMULATED  IN  ALbuOUERUUC •  NtM  MEXICO  AND 
MIAMI.  FLORIUA.  FOR  A  FIXED  COLLECTOR  AREA.  THERE  Is  AN  OPTIMAL 
ENGINE  SIZE  NT  1C H  BILL  PROVIDE  THE  GREATEST  FRACTION  OF  THE 
COOLING  LOAD  FROM  SOLAR  ENERGY.  BUT  LESS  POVER  THAN  THAT 
REUUIRbO  TO  MEET  A  DESIGN  DAY  LOAD.  SIZING  TO  MEET  THE  DESIGN 
DAY  LOAD  YIELDS  POOR  RANAINt  ENGINE  PERFORNANCt  AT  OFF  DESIGN 
CLNDITIONS  DINING  MOST  OF  THE  SEASON.  THERE  IS  AN  OPTIMAL 
STORAGE  SIZE  THAI  IS  LESS  THAN  THAT  RECOMMENDED  FUR  HEATING 
SYS1EMS.  AN  ECONOMIC  STUDY  SHOPS  THAT  THE  RANK INE  ENGINE-SOLAR 
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THE  LOCATIONS  CHOSEN. 
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Enough  quantitative  Information  was  gathered  on  this  system,  which  is  the 
most  advanced  fuel  cell  system,  to  allow  the  determination  of  the  functional 
dependence  on  the  system  size  of  each  of  the  following  parameters: 
efficiency,  volume,  acquisition  cost,  and  operation  and  maintenance  cost 
(excluding  the  cost  of  fuel).  The  data  sets  used  in  the  analysis  for  these 
parameters  are  summarized  in  Table  28. 

Applying  the  least  squares  analysis  technique  to  these  data  sets  resulted 
in  the  following  functions  relating  the  system's  size  and  these  parameters. 


PAFC  Efficiency  (PFCEF),  X 

PFCEF  -  37.784  +  1.769  log  x  (24) 

Where  x  *  size  in  kW 
Standard  Deviation  **  2% 

PAFC  Stack  Acquisition  Cost  (PFCTC),  $/kW 

PFCSC  =  508.90  x-0*3063  (25) 

Standard  Deviation  «  §63.17 

PAFC  Total  Installed  Plant  Acquisition  Cost  (PFCTC),  $/kW 

PFCTC  -  752.40  —  101.233  log  x  (26) 

Standard  Deviation  *  183.60 
It  can  also  be  correlated  by  the  following  function: 

PFCTC  =>  835.75  x"0,0929  (27) 

Standard  Deviation  -  14.57 
PAFC  Operation  and  Maintenance  Cost,  $/kWhr 


The  data  available  in  literature  on  the  operation  and  maintenance  cost  of 
PAFC' 8  are  scattered  over  the  range  of  0.001  to  about  0.006  $/kWhr,  with  most 
of  the  values  falling  around  $0.004/kWhr.  The  average  of  the  most  probable 
values  is  found  to  be  $0. 00387/ kWhr,  i.e.  — 

PFC0M  -  0.00387  (28) 

Standard  Deviation  ■  0.000861 
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Equations  24  through  28  and  the  appropriate  Input  data  are  plotted  in 
Figures  21  through  25,  respectively.  Results  obtained  from  these  equations  at 
certain  kW  sizes  are  shown  in  Table  27. 

PAFC  Weight 

Because  of  the  modularity  of  PAFC's,  its  weight  is  not  expected  to  be 
size  dependent.  Our  literature  search  showed  that  for  pressurized  methanol 
fueled  cells  the  expected  weight  is  about  22  lb/kW.  For  pressurized  propane 
fueled  systems,  the  expected  weight  is  about  28  lb/kW.  Overall  system  weight 
of  about  80  lb/kW  is  expected  excluding  the  fuel  storage  facilities. 

PAFC  Volume 

Literature  on  the  volume  of  PAFC  system  is  scarce.  It  is  estimated  that 
for  automobile  applications,  the  volume  occupied  by  methanol  fueled  PAFC 
systems  is  about  1.47  ft  /kW  for  15  kW,  respectively.  These  values  Include 
all  fuel  storage  accessories. 

The  footprint  of  a  26-MW  PAFC  plant  is  expected  to  be  about  0.58  ft^/kW. 
PAFC  Start-Up  and  Shutdown  Times 

The  expected  start-up  time  of  a  PAFC  system  from  an  idle  position  to  full 
load  is  about  10-15  minutes.  Start-up  time  from  a  cold  start  to  full  load  is 
expected  to  be  about  4  hours.  The  start-up  times  are  dependent  to  some  extent 
on  the  type  of  fuel  and  fuel  processor  used. 

The  shutdown  times  are  expected  to  be  analogous  to  the  start-up  times. 
Lifetime 

No  commercial  fuel  cells  are  in  operation  nowadays.  Therefore  only 
estimates  of  the  lifetime  of  these  systems  exist.  This  is  not  just  for  the 
fuel  cell  stack  but  also  for  other  parts  of  the  system  which  are  commercially 
available  because  of  the  harsh  environment  to  which  they  may  be  exposed,  such 
as  the  carryover  of  the  acid  into  the  heat  exchangers  where  it  will  have 
severe  corrosion  effects.  However,  there  is  a  good  agreement  among  the 
estimates,  which  are  summarized  below: 

Fuel  Cell  Stack 


Total  System 


40,000  hrs  of  operation 

160,000  hrs  with  fuel  cell 
replacements 


— I - 1 - 1 

0.6  1.6  2.4 


15  fflFC:  ^EFFICIENCY 


— i — 

3.2 


- 1 - i 

4.0  4.6 

X 

X=10G»SIZE).  KH 


Figure  21.  PHOSPHORIC  ACID  FUEL  CELL  EFFICIENCY  VERSUS  SIZE 
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Pigure  22.  PHOSPHORIC  ACID  FUEL  CELL  STACK  ACQUISITION  COST 

VERSUS  SIZE 
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Figure  23.  PHOSPHORIC  ACID  FUEL  CELL  ENERGY  CONVERSION 
SYSTEM  INSTALLED  PLANT  COST  VERSUS  SIZE 
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Figure  24.  PHOSPHORIC  ACID  FUEL  CELL  ENE1GT  CONVERSION 
SYSTEM  INSTALLED  PLANT  COST  VERSUS  SIZE 
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Figure  25.  PHOSPHORIC  ACID  FUEL  CELL  ENERGY  CONVERSION  SYSTEM 
OPERATION  AND  MAINTENANCE  COST  VERSUS  SIZE 


Mobility 

The  larger  the  system  the  more  difficult  it  is  to  move.  Systems  of  about 
1  Hi  and  larger  in  size  are  not  mobile  and  not  transportable.  Only  units  of 
several  kilowatts  are  mobile. 

Other  Energy  Production 

Thermal  energy  is  available  from  the  fuel  processor,  and  from  the  fuel 
cell  stack  and  its  exhaust  streams.  The  quality  of  the  heat  available  from 
the  fuel  processor  depends  on  the  type  of  fuel  and  processing  method.  The 
heat  available  from  the  fuel  cell  and  its  exhaust  streams  may  be  used  to 
produce  hot  water  and  low  pressure  steam. 

Availability  of  Raw  Material 

The  phosphoric  acid  cell  uses  platinum  as  a  catalytic  electrode 
coating.  Platinum  is  expensive,  not  abundant,  and  is  dependent  on  foreign 
sources. 

Other  Parameters 

Locational  and  operational  constraints,  reliability,  and  environmental 
factors  are  presented  in  Tables  28,  29,  30,  and  31,  respectively. 


Table  28.  PHOSPHORIC  ACID  FUEL  CELL  ENERGY  CONVERSION  SYSTEM 

LOCATION  CONSTRAINTS 

Effect  Remarks 

-  No  water  required.  It  Is  the  final 

product  of  the  electrochemical 
reaction 

2.  Manning  Requirements  -  Fully  automated 

3.  Fuel  Availability  6  Most  systems  will  utilise  naphtha 

and/or  natural  gas.  It  could  also 
utilise  coal  derived  gases 

4.  Fuel  Storage  0  Especially  In  remote  areas  where 

gas  pipelines  are  not  available 

7.  Other  0  Metropolitan  siting  could  be 

limited  by  fuel  processor 


Overall  Assessment:  The  ordinal  score  Is  3  Indicating  average  turn-down 
capability. 
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Constraint _ 

1 .  Water  Requirements 
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Table  29.  PHOSPHORIC  ACID  FUEL  CELL  ENERGY  CONVERSION 
SYSTEM  OPERATION  CONSTRAINTS 


Constraint 

Effect 

Remarks 

1. 

Part-Load  Capability 
and  Efficiency 

0 

Efficiency  not  affected  by 
part-load 

2. 

Overload  Capability 

e 

Fuel  Cells  have  very  limited 
overload  capability 

3. 

Load  Following 
Capability 

0 

Overall  Assessment:  The  ordinal  score  Is  3  indicating  average  turn-down 
capability. 


75(3)/RPE/61045Q 


Table  30.  PHOSPHORIC  ACID  FUEL  CELL  ENERGY  CONVERSION 
SYSTEM  RELIABILITY 


Constraint 

Effect 

Remarks 

1. 

Moving  Parts 

— 

No  effect 

2. 

Operating  Temperature 

0 

375°F  (stack),  1000°  to  2000°F 
(fuel  processor) 

3. 

Modularity  of  Design 

0 

Only  certain  sizes  may  be  availat 
for  fuel  processor 

4. 

Stress  Levels 

0 

Minor 

5. 

Corrosion 

0 

Mainly  due  to  acid  carryover 

6. 

Other 

« 

Platinum  coated  electrodes  are 
poisoned  by  concentrations  of  CO 
exceeding  1%  in  feedstream 

Overall  Assessment:  The  ordinal  score  is  4  indicating  moderate  reliability. 
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Table  31.  PHOSPHORIC  ACID  FUEL  CELL  ENERGY  CONVERSION  SYSTEM  ENVIRONMENTAL  CONSTRAINTS 


7S(3)/KFB/610*5Q 


Solid  Polymer  Electrolyte  (SPE)  Fuel  Cell 


Quantitative  data  on  solid  polymer  electrolyte  (SPE)  fuel  cells  are 
scarce  and  most  of  the  data  available  are  time  and  application  dependent.  For 
instance  the  projected  cost  of  these  cells  is  only  a  small  fraction  of  the 
actual  cost  of  the  units  in  the  1960's  in  spaceships.  Further,  this  type  of 
fuel  cells  is  not  as  actively  pursued  nowadays  as  the  phosphoric  acid  and 
molten  carbonate  fuel  cell  systems.  However,  enough  data  were  gathered  to 
allow  preliminary  statistical  analysis  of  the  cost  of  the  SPE  fuel  cell  stack 
and  that  of  the  total  system.  The  data  used  in  the  analysis  are  shown  in 
Table  32. 


Table  32.  DATA  FOR  SOLID  POLYMER  ELECTROLYE  FUEL  CELL  ENERGY 
CONVERSION  SYSTEM  STACK  COST  AND  TOTAL  SYSTEM  COST 


Size  (kW) 


Fuel  Cell 
Stack  Cost  ($/kW) 


Total 

System  Cost  ($/kW) 


2 

5 

10 

25 

30 

25,000 

900,000 


318 

165,  212 

118  870 

74,  61,  62,  50,  40,  42  — ■ r 

47 

343 

343 


Applying  the  least  squares  analysis  technique  to  these  data  sets  resulted 
in  the  following  functions  relating  the  system's  size  and  these  two 
parameters. 

SPE  Fuel  Cell  Stack  Cost  (SPSC),  $/kW 

SPSC  -  585.14  x”0*7385  (29) 

Where  x  is  the  size  in  kW 


Standard  Deviation  •  $19.37/kW 


This  function  is  not  recommended  for  extrapolation  to  sizes  larger  than 
about  250  kW  because  it  predicts  low  values  compared  to  the  standard  deviation 
associated  with  them.  Further,  at  sizes  above  100  kW  the  standard  deviation 
should  be  taken  as  +19.37  because  the  negative  value  will  result  in  a  negative 
cost  of  the  stack,  which  is  impossible. 

SPE  Fuel  Cell  Total  System  Cost  (SPTC).  $/kW 

SPTC  -  1004.06  x-0,08766  (30) 

Standard  Deviation  «  $92.27/kW 
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Equations  29  and  30  are  plotted  in  Figures  26  and  27 ,  respectively. 
Predicted  values  based  on  these  two  equations  are  shown  in  Table  33  at  the 
desired  ktf  sizes. 


Table  33.  VALUES  OF  THE  SOLID  POLYMER  ELECTROLYTE  FUEL  CELL  ENERGY 
CONVERSION  SYSTEM  PARAMETERS  AS  PREDICTED  FROM  THE 
DEVELOPED  MATHEMATICAL  FUNCTIONS 


(Equation  29) 

(Equation  30) 

Stack  Acquisition 

System  Acquisition 

Cost,  $/kW 

Cost,  $/kW 

Size  (kW) 

±  19.37 

±  92.27 

1.5 

433.7 

969.0 

5.0 

178.3 

871.9 

20.0 

64.0 

772.2 

30.0 

47.5 

745.2 

60.0 

28.5 

701.3 

100.0 

19.5 

670.6 

250.0 

9.9* 

618.8 

750.0 

4.4* 

562.0 

1000.0 

3.6* 

548.0 

5000.0 

1.1* 

476.0 

*  Predicted  values  are  smaller  than  the  deviation  associated  with  the  fit. 
Consequently  such  extrapolation  should  be  handled  carefully. 

Lifetime 


A  lifetime  in  excess  of  50,000  hours  operation  is  possible  for  the  fuel 
cell  stack.  This  is  due  primarily  to  the  low  operating  temperatures  of  the 
cells  (below  100°C). 

Mobility 

The  larger  the  system  the  more  difficult  it  is  to  move  or  transport. 

Units  smaller  than  about  25  kW  can  be  made  modular.  Units  of  sizes  up  to  1  MW 
may  be  transported. 

Other  Energy  Production 

These  systems  operate  at  temperatures  below  100"C;  therefore  only  hot 
water  may  be  produced  using  the  available  heat.  Higher  grade  heat  may  be 
available  from  the  fuel  process  section.  Its  quantity  and  quality  depends  on 
the  type  of  fuel  used  and  on  the  processing  method. 

Availability  of  Raw  Material 

Because  this  system  operates  at  low  temperatures  it  does  not  suffer  from 
severe  temperature-related  material  problems. 
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12  STFC: 


X 

Y=FUEL  CELL  COST.  S/RW  X=LOC(SIZE).  RM 


Figure  26.  SOLID  POLYMER  ELECTROLYTE  FUEL  CELL  STACK 
ACQUISITION  COST  VERSUS  SIZE 


Figure  27.  SOLID  POLYMER  ELECTROLYTE  FUEL  CELL  ENERGY  CONVERSION 
SYSTEM  ACQUISITION  COST  VERSUS  SIZE 
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The  solid  polymer  electrolyte  is  usually  a  plastic  film  a  few  mills  thick 
fabricated  from  an  ion  exchange  material  called  Nafion  (produced  by  the  DuPont 
Co.)  which  is  a  sulfonated  analog  of  Teflon.  Nafion  is  not  in  short  supply. 
The  cost  of  producing  Nafion  has  been  dropping  rapidly  as  the  demand  for  it 
increases,  which  results  in  its  mass  production.  Other  polymers  such  as 
phenol  —  formaldehyde  sulfonic  acid  are  also  used  for  this  purpose. 

Electrodes  for  this  cell  utilize  expensive  materials:  platinum  at  the 
cathode  and  gold  at  the  anode.  These  metals  are  in  short  supply,  and 
widespread  use  of  them  drives  their  prices  higher. 

Weight 

The  data  available  on  the  weight  of  SPE  fuel  cell  systems  are  not 
adequate  for  statistical  analysis  because  more  than  one  parameter  varies  in 
each  case  as  can  be  seen  from  Table  34.  However,  based  on  the  projected 
values  for  the  H2O,  HC1,  and  HBr  cycles,  a  typical  value  of  about  40  lb/kW  is 
expected  for  the  total  system.  The  weight  of  the  cells  themselves  was  reduced 
from  70  lb/kW  in  1962  to  20  lb/kW  in  1974. 

Table  34.  DATA  ON  WEIGHT  OF  SOLID  POLYMER  ELECTROLYTE 
FUEL  CELL  ENERGY  CONVERSION  SYSTEMS 


Plant 
Size.  kW 


Assumptions  of 
Advanced  State-of-the-Art 


Volume 


Only  one  data  point  was  identified  in  the  literature  search;  its  value  is 
0.205  ft^/kW  for  a  30-kW  system.  This  includes  dead  space  to  hold  the  water 
produced. 

Start-Up  and  Shutdown  Timer 

Mo  data  are  available.  However  they  are  expected  to  be  shorter  than  the 
corresponding  values  for  the  phosphoric  acid  fuel  cell  systems  because  the  SPS 
fuel  cell  operates  at  lower  temperature. 

Operation  and  Maintenance  Cost 

No  data  are  available.  However  it  is  expected  to  be  slightly  less  than 
that  for  phosphoric  acid  fuel  cell  systems  because  of  the  lower  operating 
temperature. 

Efficiency 

Projected  efficiency  is  about  40%. 

Mobility 

Systems  larger  than  about  1  MW  are  not  mobile.  The  smaller  the  system 
the  more  mobile  it  is.  Transportation  of  systems  up  to  about  1  MW  may  be 
possible. 

Other  Parameters 

Locational  and  operational  constraints,  reliability,  and  environmental 
factors  are  presented  in  Tables  35,  36,  37,  and  38,  respectively. 
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Table  35.  SOLID  POLYMER  ELECTROLYTE  FUEL  CELL  ENERGY  CONVERSION 
SYSTEM  LOCATION  CONSTRAINTS 


Constraint 

Effect 

Remarks 

1. 

Water  Requirements 

— 

Produces  water 

2. 

Manning  Requirements 

— 

Fully  automated 

3. 

Fuel  availability  and 
delivery 

0 

Especially  If  liquid  or  solid 
fuels  are  used  as  the  source 
of  fuel 

4. 

Fuel  Storage 

0 

Especially  In  remote  areas  where 
gas  pipelines  are  not  available 

5. 

Other 

Overall  Assessment:  The  ordinal  score  is  4  Indicating  moderate  locational 
constraints. 
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Table  36.  SOLID  POLYMER  ELECTROLYTE  FUEL  CELL  ENERGY  CONVERSION 
SYSTEM  OPERATION  CONSTRAINTS 


Constraint 

Effect 

Remarks 

1.  Part-Load  Capability 

0 

Efficiency  not  affected  by 

and  Efficiency 

part-load 

2.  Overload  Capability 

e 

Fuel  cells  have  very  limited 
overload  capability 

3.  Load  Following 

Capability 

0 

Overall  Assessment:  The  ordinal  score  is  3  indicating  average  turn-down 
capability. 
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Table  37.  SOLID  POLYMER  ELECTROLYTE  FUEL  CELL  ENERGY 
CONVERSION  SYSTEM  RELIABILITY 


Constraint 

Effect 

Remarks 

1. 

Moving  Parts 

— 

No  effect 

2. 

Operating  Temperature 

0 

less  than  210°F  (stack),  1000®  to 
2000°F  (fuel  processor) 

3. 

Modularity  of  Design 

0 

Most  components  available  in  many 
different  sizes 

4. 

Stress  Levels 

0 

Minor 

3. 

Corrosion 

0 

Minor 

6. 

Other 

e 

Platinum-coated  electrodes  are 
poisoned  by  minute  concentrations 
of  CO 

Overall  Assessment:  The  ordinal  score  Is  4  Indicating  moderate  reliability. 
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Table 


DATA  SHEET 

Energy  Conversion  System:  Fuel  Cells-Molten  Carbonate 
Parameter:  Efficiency 


Energy 
Conversion 
System  Ref.  St 


Parameter  Value  Plant  Assumptions  of 

OoeratinK  Plant  Size.  kW  Advanced  State  of  the  Art 


46-49.6 

45 

Program  target  1990-1995 

40-55 

45 

49.6 

635,000 

Based  on  HHV  of  coal 
(ECAS  Design:  F.C. 
combined  with  steam 
turbine) 

45.5 

5,000 

Oil  Fueled 

50.2 

675,000 

Coal  Fueled 

45.0 

45.5 

Goal 

54.4 

1,255,000 

Power  plant  with  bottoming 
cycle 

45.7 

1,255,000 

Overall  with  bottoming  cycle 

DATA  SHEET 


Energy  Conversion  System:  Fuel  Cells-Molten  Carbonate 
Parameter:  O&M  Cost  (10~3  $/KwHr) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


DATA  SHEET 


Energy  Conversion  System:  Fuel  Celia-Molten  Carbonate 
Parameter:  Aquisition  Cost  ($/KW)  (All  in  1980  dollars) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study _ Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


F.  5 

2200 

2205 

10,000 

10,000 

With  gasifier 

With  gasifier  and  steam 
turbine  bottoming  cycle 

F.  67 

835 

1338 

Based  on  UTC/1GT  work 
Based  on  UTC/W/GE  work 

F.  31 

522-706 

Does  not  include  gasifier 

F.  16 

843 

635,000 

Installed  and  including 
land  and  gasifier  (based 
on  ECAS  design) 

F.  16 

132 

Fuel  cell  subsystem  alone 

F.  16 

85 

Fuel  cell  stack  alone 

F.  37 

566-637 

F.  75 

947-1065 

Program  target  1990-1995 
(installed  cost) 

F.  59 

272 

Total  cost  (F.C.  and  fuel 
processor  and  inverte’*' 

F.  7 

843 

635,000 

Total  plant  cost  of  fuel 
cell  and  steam  turbine. 
Bottoming  cycle.  Based 
on  ECAS  design 

F.  7 

85 

Stack  cost  goal 

F.  86 

947 

675,000 

Coal  fired 

F.  87 

332 

Goal 

F.  89 

571 

1,255,000 

277 


DATA  SHEET 

Energy  Conversion  System:  Fuel  Cells-Molten  Carbonate 


Parameter: 

Lifetime* 

(hrs) 

Energy 
Conversion 
System  Ref 

Parameter  Value 
.  Study  Operating  Plant 

Frequency 

Of  Operation 

Assumptions  of 
Advanced  State  of  the  Art 

F.  21 

40,000 

Continuous 

Projected 

F.  21 

15,000 

Continuous 

Achieved-lab  schale 

F.  67 

40,000 

Continuous 

Projected 

F.  75 

40,000 

Continuous 

Program  target  1990-1995 

F.  69 

50,000 

Continuous 

Estimate:  1985 

F.  7 

40,000 

F.  7 

40,000 

Continuous 

Lab  scale  cells  fabricated 
from  Alumina 

F.  7 

15,000 

Continuous 

Lab  scale  cells  fabricated 
from  stainless  steel 

F.  86 

52,560* 

Coal  fired-675  MW  plant 

F.  89 

10,000-50, 

000 

.  -  ji 


♦stack  only 


DATA  SHEET 


Energy  Conversion  System:  Fuel  Cells-Molten  Carbonate 
Parameter:  Operational  Constraints 


Energy  Conversion  Systems  Reference 

_ Constraint _  _ Studies _  Operating  Plants 

Environmental  F.  37,  F.  21,  F.  67 

Thermal  Discharge 
Air  Pollution 
Noise 

Solid  Waste 
Chemical  Waste 

Location 

Water  Requirements 
Manning  Requirements 
Fuel  Delivery 
Solar  Insolation 
Wind  Requirement 
Metropolitan  Siting 
Electrical  Power  Requirement 

Operational 

Part  Load  Efficiency 
Part  Load  Capability 
Solar,  Wind  Dependence 
Overload  Capacity 
Load  Following 
Life  Dependence  on  Cycling 


Environmental  Constraints:  (Fuel  Cells-Molten  Carbonates) 

The  environmental  constraints  of  the  power  system  are  indicated  in  the 
following  tabulation: 

X  amount  of  uncontrolled  emission 

Y  amount  of  pollution  which  would  be  emitted  with  no  controls 
Z  degree  of  difficulty  in  meeting  more  strict  regulations 
Key:  blank  -  none 

0  -  minor 

0  -  moderate 

•  -  major 


Emissions 

X 

Y 

Z 

Ref. 

Thermal  Discharge 

0.50 

F.  21 

(MMBTU/MMBTU  Coal) 

1.00 

F.  67 

Air  Pollution  (lbs.  MM  BTU 

coal) 

CO 

HC 

N0X  - ( 

<0.03 

<0.10 

,F.  21 
r .  37 

SO 

X 

<0.10 

F.  21 

Particulates 

F.  21 

Noise 

Solid  Waste 

Chemical  Waste 

1 

t 

Radioactive  Waste 

1 

1 

Energy  Conversion  System: 


Parameters : 


Reliability 


Growth  Potential 


Availability  of 
Raw  Materials 


Type 


Development 


DATA  SHEET 


Fuel  Cells-Molten  Carbonate 


Energy  Conversion  System  Reference 


Studies 


Operating  Plants 


F.61 ,  F.50, 
F.26 ,  F. 72 


l 


I 

I 
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iiiUidk 


<*,  r. 


e rational  Constraints:  (Fuel  Cells  -  Molten  Carbonate) 


The  tabulated  operating  characteristics  are  applicable  to  the  power  system 
as  indicated. 

-  Characteristic  not  observed  in  system  operation 

0  -  Characteristic  has  minor  effect  on  system  performance 
0  -  Characteristic  has  moderate  effect  on  system  performance 
•  -  Characteristic  has  major  effect  on  system  performance 


Operational  Restraint 

Symbol  •  Ref . 

Efficiency  reduction  at  part  load 

0 

F.  21 

Part  load  capability  limitation 

0 

F.  21 

Dependence  on  solar  insolation 

NA 

Dependence  on  wind  consistency 

NA 

Overload  capacity  limitations 

• 

i 

Delayed  response  to  rapid  load  changes 

0 

Life  reduction  from  frequent  rapid  load  changes 

0 

DATA  SHEET 


Energy  Conversion  System:  Fuel  Cells-Phosphoric  Acid 

Parameter:  Efficiency 

Energy  Conversion 

Parameter  Value 

Plant 

System  Reference 

Study  Operating  Plant 

Size.  kW 

F.  12 

41.5- 

60 

62.7 

F.  20 

35.2 

36.7 

F.  66 

37.9 

5 

60.9 

10 

46.6 

25 

F.  31 

26-29 

F.  26 

60-45 

F.  71 

33 

F.  38 

37-40 

F.  33 

40 

40 

F.  37 

38-40 

F.  75 

37 

F.  75 

45 

F.  69 

38 

F.  69 

40 

F.  69 

40 

F.  59 

38-40 

26,000 

F.  73 

45.5 

F.  78 

46.6 

26,000 

F.  78 

31.8 

100 

F.  79 

38.3 

5,000 

46.8 

25,000 

41.1 

10,000 

46.8 

5,000 

Assumptions  of 
Advanced  State  of  the  Art 

In  the  range  of  25%  -  100% 
load 

High  pressure 
Atmosphere  pressure 


Program  target  for  1985 
Program  target  for  1990-1995 

Goal 

60  kW-Natural  gas  test  unit 
Projected  for  total  system 
DOE-EPRI-UTC  goal 
(heat  rate-  7315  Btu/KwHr) 

Based  on  HHV  of  SNG  fuel 

Naphtha  fuel 
#2  fuel  oil 
#2  fuel  oil 
#2  fuel  oil 


283 


DATA  SHEET 


\ 


Energy  Conversion  System:  Fuel  Ce lls-Phosphorlc  Acid 


Parameter:  Efficiency 

Energy  Conversion 
System  Reference 


(continued) 

Parameter  Value 
Study  Operating  Plant 


Plant 
Site.  kW 


F.  80 

41.6 

60 

42.3 

60 

42.7 

60 

41.5 

60 

41.3 

60 

42.5 

60 

42.4 

60 

40.2 

60 

34.5 

15 

36.4 

15 

35.6 

15 

35.7 

15 

34.9 

15 

32.2 

15 

35.6 

15 

37.7 

15 

37.4 

15 

36.7 

15 

36.7 

15 

35.7 

15 

34.1 

15 

F.  8 

40.0 

40 

P.  87 

40.0 

P.  89 

29.8 

48,000 

1510 

48,000 

35.5 

23,000 

23.9 

23,000 

Assumptions  of 
Advanced  State  of  the  Art 

ERC-Data 

Methanol  fuel  -  1002  load 
Methanol  fuel  -  752  load 
Methanol  fuel  -  502  load 
Methanol  fuel  -  252  load 

ERC-Data  Propane  Fuel 

1002  load 

752  load 

502  load 

252  load 

ERC  Data-Methanol  fuel 

252  load 

502  load 

752  load 

1002  load 

1252  load 

2002  load 

ERC-Data  Propane  Fuel 

252  load 

502  load 

752  load 

1002  load 

1172  load 

1502  load 

2002  load 

Interpulated  from  a 
curve  for  load  factors 
20-1002 


Power  plant  efficiency 
Overall  efficiency 
Power  plant  efficiency 
Overall  efficiency 


KJ 


DATA  SHEET 


F: 


■  r.  "*■•*■ 


tj 


K 


e 


Energy  Conversion  System:  Fuel  Cells-Phosphorlc  Acid 
Parameter:  Volume/Size  (Ft3/KW) 

Parameter  Value 


Energy  Conversion 
System  Reference 


F.  12 


Study  Operating  Plant 
1.47* 


Plant 
Size.  kW 


F.  59 


2.21* 

1.21 

0.73* 

1.24* 

(0.58  ft2) 


15 

15 

15 

60 

60 


F.  80 


1.2 

0.43 


40 

15 


including  fuel  storage  for  automobile  operation. 
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Assumptions  of 
Advanced  State  of  the  Art 

Methanol  fueled 

Propane  fueled 

Excluding  fuel  storage 

Methanol  fueled 

Propane  fueled 

Footprint  size  based  on 
the  26  MW  planned  plant 

UTC-Data 

ERC-Data 


DATA  SHEET 


Energy  Conversion  System:  Fuel  Cells-Phosphoric  Acid 
Parameter:  Weight  (lbs/KW) 


Energy 
Conversion 
System  Ref. 


Parameter  Value  Plant 

Study  Operating  Plant  Site,  kW 


Assumptions  of 
Advanced  State  of  the  Art 


F.  12  22 

28 


60  Pressurized  system-methanal 

fueled 

60  Pressurized  system-propane 

fueled 


F.  22  80 


F.  80  45.0 

27.6 
27.6 


Hydrocarbon-air  fuel  cell. 
General  not  necessarily 
PAFC. 

40  UTC-Data 

15  ERC-Data-methanol/air 

15  ERC-Data-propane/air 


1964  technology 


DATA  SHEET 


Energy  Conversion  System:  Fuel  Cells-Phosphoric  Acid 
Parameter:  Start-up/Shut-down  Time  (minutes) 


Energy  Conversion 
System  Reference 


Parameter  Value  Plant 

Study  Operating  Plant  Size.  kW 


Assumptions  of 
Advanced  State  of  the  Art 


DATA  SHEET 


Energy  Conversion  System:  Fuel  Cells-Phosphoric  Acid 
Parameter:  Aquisition  Cost  ($/KW)  (in  1980  dollars) 


Energy  Conversion 
System  Reference 

F.  12 


F.  20 


Parameter  Value  Plant 

Study  Operating  Plant  Size,  kW 


380-816 


10,000 


Assumptions  of 
Advanced  State  of  the  Art 

Cost  of  stack  only  for 
methanol  fueled  system 
Cost  of  stack  only  for 
propane  fueled  system 

N.G.  and  Naphtha  fueled 
Using  distillate  fuels 


F.  64 


F.  31 


F.  71 


F.  35 


F.  33 


F.  37 


F.  75 


380-490 


538-673 


601-672 


414-474 


Break-even  capital  cost 
for  intermediate  applications 
Break-even  capital  cost 
for  peak  applications 

Installed  cost 
Not  Installed 

1978  estimate  by  UTC  of  the 
cost  of  the  50th  manufact¬ 
ured  unit 

Installed  cost 
Stack  replacement 

Coal  fueled 

Program  goals  (installed  cost) 


F.  69 


F.  59 


F.  79 


F.  80 


Projected  for  total  plant 
(FC  and  Fuel  processor  and 
converter) 

5,000  Naphtha  fuel 

25,000  #2  fuel  oil 

10,000  #2  fuel  oil 

5,000  #2  fuel  oil 

25  Installed  cost 

40  Installed  cost 

100  Installed  cost 

250  Installed  cost 

25  Stack  replacement 

40  Stack  replacement 

100  Stack  replacement 

250  Stack  replacement 
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Energy  Conversion  System:  Fuel  Cells-Phosphoric  Acid 


Parameter:  Aquisition  Cost  ($/kW)  (In  1980  dollars)  (continued) 


Energy  Conversion 


System  Reference 

Study 

F.  80 

156 

F.  80 

156 

F.  89 

673 

438 

528 

508 

500 

<eter  Value  Plant 

Operating  Plant  Size,  kW 


15 

15 

48,00 

23,00 

25,00 

100,00 

250,00 


Assumptions  of 
Advanced  State  of  the  Art 

ERC-Data  for  stack  only 
ERC-Data  for  stack  only 

Total  capitalization 
Total  capitalization 
Total  capitalization 
Total  capitalization 
Total  capitalization 


DATA  SHEET 


Energy  Conversion  System:  Fuel  Cells-Phosphoric  Acid 
Parameter:  Lifetime  (Hrs) 


Energy  Conversion 

Parameter  Value 

Frequency 

System  Reference 

Study  Operating  Plant 

Of  Operation 

F.  12 

43,800 

Continuous 

F.  20 

154,350 

88.  IX 

F.  29 

175,200 

Continuous 

F.  38 

20,000 

F.  33 

43,800 

One  outage 
per  year 

F.  75 

40,000 

F.  28 

>26,300 

Continuous 

F.  69 

40,000 

F.  41 

15000 

F.  59 

87,600 

F.  78 

40,000 

F.  80 

40,000 

F.  89 

10,000 

23,000 

40,000 

48,000 

Assumptions  of 
Advanced  State  of  the  Art 

60  KW  plant 

4.8  MU  plant  with  re¬ 
placement 


Program  target 
Stack  only 
Goal 

Estimated  for  12  watts  and 
750  watt  units  built  by 
Englehard  operating  on 
hydrogen  and  air 

Projected  for  the 
26  MU  planned  station 

Stack  life 

Stack  life  (time  between 
major  overhausl  UTC-Data) 


Environmental 

Thermal  Discharge 
Air  Pollution 
Noise 

Solid  Uaste 
Chemical  Waste 

Location 

Water  Requirements 
Manning  Requirements 
Fuel  Delivery 
Solar  Insolation 
Wind  Requirement 
Metropolitan  Siting 
Electrical  Power  Requirement 

Operational 

Part  Load  Efficiency 
Part  Load  Capability 
Solar,  Wind  Dependence 
Overload  Capacity 
Load  Following 
Life  Dependence  on  Cycling 


F.  37,  F.  12,  F.  78 


Reliability 


F.  8  one  unscheduled 
shutdown  per  year 


DATA  SHEET 


Energy  Conversion  System:  Fuel  Cells-Solid  Polymer  (SPE) 

Parameter:  Efficiency 
Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size.  kW  Advanced  State  of  the  Art 


DATA  SHEET 


Energy  Conversion  System:  Fuel  Cells-Polymer  (SPE) 


Parameter: 

Volume/Size  (ft3/KW) 

Energy 
Conversion 
System  Ref. 

Parameter  Value  Plant 

Study  Operating  Plant  Size.  kW 

Assumptions  of 

Advanced  State  of  the  Art 

F.  28 

0.205 

(46  gallons/30  KU  with 
dead  space  to  hold  the 
the  water  produced) 
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Energy  Conversion  System:  Fuel  Cells-Polymer  (SPE) 

Parameter:  O&M  Coat 
Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref._  Study  Operating  Plant  Size,  kM  Advanced  State  of  the  Art 


DATA  SHEET 


> 


Energy  Conversion  System:  Fuel  Cells-Solid  Polymer  (SPE) 


Parameter:  Weight  (lb/KW) 


Energy 
Conversion 
System  Ref. 


Parameter  Value  Plant 

Study  Operating  Plant  Size,  kW 


Assumptions  of 
Advanced  State  of  the  Art 


F.  9  70 

35 

20 

4-10 

58.2 

53.4 
59.8 

39.4 

37.6 

43.6 


1  (1962-68)  Gemini  and  Bio- 

satlllte 

1  (1968-1970)  Air  Force 

program 

1  (1970-74)  Space  Shuttle 

1  Projected  (LRC/JSC)  after  73 

25  1978  State  for  H20  cycle 

25  1978  State  for  HCL  cycle 

25  1978  State  for  HBr  cycle 

25  Projected  for  H20  cycle 

25  Projected  for  HCL  cycle 

25  Projected  for  HCL  cycle 


DATA  SHEET 

Energy  Conversion  System:  Fuel  Cells-Solid  Polymer  (SPE) 


Parameter: 

Lifetime* 

Energy 
Conversion 
System  Ref, 

Parameter  Value 
.  Study  Operating  Plant 

Frequency 

Of  Operation 

Assumptions  of 
Advanced  State  of  the  Art 

F.  9 

6000 

Continuous 

0.7  Ft2  cells  at  intermed¬ 
iate  current  density  and 
temp,  and  low  pressure 

4000 

Continuous 

At  high  pressure  and  high 
current  density 

5000 

Continuous 

1  KW  modules 

6500 

Continuous 

3  cell  assenbly 

8000 

Continuous 

Demons  tratlon- 1968 

20,000 

Continuous 

Demons tration- 19 72 

51,000 

Continuous 

Demons tratlon- 19 75 

F.  31 

40,000 

10,000 

F.  63 

34,000 

Using  Naf ion  (R) 

F.  38 

35,000 

F.  2 

48,000 

At  43-82°C 

F.  89 

100,000 

*  8 tack  only 
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FIX  vCHtoAl I IX  UF  electmicitv:  III  PMOVIDE  SYSTEMS  AND 

tuoiPMcNi  That  ■ III  penmit  economical  enlmlv  storage  and 

■lAkABLl  CONCEPTS  FOR  M  ANA  SEMI  NT  OF  ELECTRIC  LOADS  I  A  NO  (31 
OLVELUP  ItCHNILAk  ADVANCES  TO  ALHIEVE  CONSEMVATION  OF  ENERGY 
AND  OTntk  ML  SO  UN  CL  S  Through  EFFICIENT  USL  OF  ELECTMICITV.  ThL 

fullosing  programs  are  described  in  uETail:  Energy  stomagl: 

FUEL  CELLS  AND  CHEMICAL  ENERGY  CONVERSION;  AND  ENERGY 

utilisation  m o  ldnsemvatiun. 

ELECT* 1C  POL-41  TJSLNERgV  CONVeMSION:  TIENCmGV  efficiency:  1.1,3; 
ENcRwV  SlUMAtX:  T .01.02; EPR I l  llFukL  CELLS:  TiLUAu  MANAGEMENT: 

TrJPuAlR  oENEMAI ion;  ii:*r.search  programs:  0I.GI.03 
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DLM..UIN,  C.N.i  SALA/AR.  P.H. 

lgs  alamos  Scientific  cam. »  nm  «usai 

CONF  -EU0:I  j--l 
*L 

DCp.  Mils.  Pc  AC«/MF  AO I • 

CIS. TRACT  •-TcOb-ENw-AL 

3.  INTLRNCT lLXAC  ElECIRIC  VEhICCC  CAPOSI I  ION  AND  CONFERENCE 
ST.  LOUIS.  MU.  USA 
MAV  IVSG 
ItoC 

LUb-300bU«:  330*01. 

CUi'JvVbv* 

CIMW-M-I.il, 

Dt  IMP CEMENT A  T ION  UF  A  MATTeMV/FuEL-CECC-POsEREU  GOLF  CART 
TEST  BEU  RESIGNED  TO  VLNIFV  COMPUTER  SIMULATIONS  ANO  TO  GAIN 
OPERATIONAL  CAPER ISNCL  »ITh  A  full  CELL  IN  A  VEHICULAR 
ENVIRONMENT  U  UEsCMlbcO.  A  TfcCHNICACLV  UNThaINLU  DRIVER  CAN 
EASILY  DPI  RAIL  T  ME  GOLF  CANT  BECAUSE  1W  MOTOR  ANU  FUEL  CELL 
controllers  automatically  sense  and  EAECUTk  the  APPROPRIATE 
UNFUFF  SEWULNClNG.  A  VUCTACt  IMLAEANCE  CIRCUIT  AND  A  ThRUITCE 
CUMPRLSS  CIRCUIT  Ri RE  Ot VLCOPtO  THAT  ARC  DIRECTLY  APPLICABLE  TU 
ELECTRIC  VEHICLES  IN  bLNENAL. 

alio  lcecTrulytc  Full  ctccbi  tz.ui i alcohol  fuel  ceccsidlsiok: 
ueieccctric  raiterics:hym.id  electric -pose rco  vehicles:  tis 

hYuRuOEN  F'ULC  CELLS  (HYORUbEN  GtNsR ATORSIMC  1 HANOL  i OPE KAT  ION ; 
PHOSPHORIC  ACIUIPUVtM  RAFCt  1*16  AbtSNUTOUPNStSTART-UP 
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contract  tc-r; -a-31 -is2 

JAN  I9UC 

EUb-200 100;  320 20a 12 VOtoOO 
EUb-2G0lul- 
JOC/NASA/003 I-- 00/1 

L  Am  ok  SAVINGS  CAN  BE  MAOE  IN  INUUSTRV  BY  COGENERAIING  ELECTRIC 
PUbER  ANt  PROCESS  HEAT  IN  SINGLE  tNtMOY  CONVERSION  SYSTEMS 

kaihEr  Than  separately  in  utility  plants  ano  in  process 

bUILERS*  THIS  STUDY  EXAMINES  THE  USE  OF  VARIOUS  ADVANCED  CNCMGY 
CONVERSION  SYSTEMS  AND  COMPARES  THEM  KITH  EACH  OTHER  AND  BITH 
ClPkuNT  IECHAOLOoY  SYSTEMS  FUR  THEIR  SAVINGS  IN  FUEL  ENERGY. 
COSTS.  ANO  EMISSIONS  IN  INDIVIDUAL  PLANTS  AND  UN  A  NATIONAL 
LEVEL.  AeUOT  FIFTY  INDUSTRIAL  PROCESSES  FROM  lMf  LARGEST  ENERGY 
consuming  SECTORS  SERE  USED  AS  A  BASIS  FCIR  MATCHING  A  SIMILAR 
NlAtscR  OF  ENERGY  CONVERSION  SYSTEMS  THAT  ARE  CONSIDERED  AS 
CANDIDATE  BH1CH  CAN  bt  MADE  AVAILABLE  BY  ThC  IVES  TO  200 0  TIME 
PERIOD.  THE  UlCTUhS  CONSIDERED  INCLUDED  FOOD.  TEaTIlES.  LUPbtk. 
paplm.  Chemicals,  petroleum,  glass,  and  primary  metals,  the 

ENCRgV  CuNVtMISUN  STS1EMS  INCLUDED  STEAM  AND  GAS  IuhRINES. 
DIESELS.  THE  N4  IONIC  S.  STIRLING.  CLOSED-CYCLE  AND  STEAM  INJECTED 
GAS  TURBINES.  ANO  Fuel  CELLS.  FUELS  CONSIDERED  BLRE  coal.  bOTH 
CURL  AND  Pt 1  HO LEUM -CASED  RESIDUAL  AND  0IS1 ILLATE  LIQUID  FUELS. 
At*>  LUG  »TU  GAS  UB1AINCD  THROUGH  THE  ON-SITE  GASIFICATION  OF 
CUAC.  AN  ATTEMPT  BAS  MADE  TO  USE  CONSISTENT  ASSUMPTIONS  AND  A 
CONSISTENT  SET  OF  GRUUNDRUCES  SPECIFICO  BY  NASA  FOR  DETERMINING 
PERFORMANCE  and  COST.  ATMOSPHERIC  AND  PrESSOmI/EO  FLUIDIZED  ocD 
steam  TURblNu  SYSTEMS  ARE  THE  MUST  ATTMACTIVE  OF  THE  DIRECT 
CUAL-FIRgD  SYSTEMS.  UPEN-CVCLE  GAS  TURBINES  bITh  heat  RECOVERY 
STEAM  GEKtRATJRS  AND  COMBINED— CYCLES  BITH  NO/SUb  K/  EMISSION 
REOUC1ION  ANC  MOoLRATELY  INCREASto  FIRING  TEMPERATURES  ARE  InE 
MUSI  AITmACI IVt  UF  InE  COAL -DERIVED  CIOUID-FIRED  SYSTEMS. 

cd-gencrat ion:  t s.u i .0 ; coal ; comparat I  ye  evaluat ions; diesel 
ENGINE SltCUNiX  1C  analysis:  DIELECTRIC  PObERIENERgY 
conservation;  gi .ds.dienemgy  cunversidnienvironmental  effects: 

OSIFguIDI^LD'OED  L0MLOST  1UNIFOLL  CELLSIGAS  TUROINESIGRAPhS:  u; 
IFDusIrIrL  plants:  T I . D I NOME R 1 CA_  DATA:  DiPRUCCES  MCA  T ; RE  V  IE  *S ; 
STEAM  TURblNlS ;ST IMLlNG  ENG)  NE  Si  T  AM.ES  :  DI TECHNOLOGY 

asslssmlnt:  dbiusa 


SORUMbl Dag 

ANALYSIS  UF  RElOTE  SITE  ENERGY  STORAGE  AND  GENERA I  ION  SYSTCMS. 

FINAL  TECHNICAL  REPORT  JULY  I97B-JUNE  IV7V 

CRISP.  J.N. ;  BISHOP.  B.S.l  PI HSU..  J.D.S  ANDERSON.  L. A. 

DAYTON  UN 1 V . .  UH  (USA).  SCHOOL  OF  ENGINEERING 

I  AO 

Nils.  PC  A  AgT/MF  Awl. 

ClPtlHALI  FjlJbl  S-7T-C-2U0* 

JUL  |«  TV 

LdH-ZDOIvO tZVBGOO 
EDO  —20b  I wO 
Al>- A — 0  7-eOV/V 

I  Hi  S  RLPilRT  •*<  LSENT  S  The  RESULTS  OF  AN  INVEST  I  GAT  IUN  AND 
ANALYSIS  UF  ENERGY  STORAGE  SYSIEmS  AND  ALTERNATE  LNERGV  SOURCE S 
FOR  REMOTE  SITE  APPLICATIONS.  THE  FIRST  PHASE  OF  THE  EFFORT 
CENTERED  UN  ThE  bKOAD  BASED  STUDY  OF  HYDROGEN  STORAGE.  THERMAL 
SlUAAGt.  BATTcRICS.  ANO  FLTBhSELS  AS  CNERGT  STORAGE  SYSTEMS 
ALONG  BllH  BIND  luRbINL.  SOLAR  PHOTOVOLTAIC*  AND  SOLAR 
TFBRMIUNIL  t  RE  Mg  Y  CONVERTERS*  a  ■ I NO  TURBINE  BATTERY  SYSTEM  »A< 
MECuMMENDLU  dASEU  UN  PERFORMANCE.  COST  AND  AVAILABILITY.  tFFOH 
UNDER  THE  SEDUFU  FRlASt  OF  THE  PROGRAM  CONCENTRATED  ON  A  SVblt- 
USINg  1  Bli  SEPARATE  NOMINAL  EIGHT  KILUVATT  BIND  TURBINE  MODULES 
IN  CONJUNCTION  BITh  a  lemi-acid  uattert  energy  storage  unit. 

Tf*  SYSTLM  BAS  SPEC  IF  ICO  TD  OPERATE  IN  CONJUNCT  ION  BITh  Ah 
CXlSTlNG  PUBlM  GRID  SYSTEM  LOCATED  AT  BAR  MAIN.  BANTER  ISLAND. 
ALASKA.  SPECIFIC  SYSTEM  CONCEPTS  ANO  MtCOMMtNOAT IONS  ARE 
PRESENTED  BITH  SUPPORTING  ANALYSES.  A  DESIGN  CHECKLIST  IS 
INCLOpIU  bITH  SPlLlFIL  ITEMS  FUN  CONSI DEHA T ION  IN  THE 
PRLPAhATIgN  kT  A  DESIGN  SPECIF  1C AT IUN. 

LUST (DESIGN! el EClHlC  bAT TEN1 ES i ELECTH 1C  POBERIENERGY  STORAGE: 
OISFLASIlILITY  studies:  g2IFuEL  LtLLSIPHOTOVOLTAIC  EFFECT  |PO«rt  K 
genl-at  iun:  gi ipdser  plants:  teiremote  areas:  tiisdlam  energy; 
tfcrral  poser  plan i si  thermionic  cdnver ters i turbogenerators ;• in  ■ 
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SINCE  IG74.  IMITEO  TECWDLOGICS  HAS  SEEN  ACTIVELY  ENLACED  IN 
TEC  DESIGN.  DEVELOPMENT  AND  DEMONSTRATION  OP  SOLAR-POMERED 
RANK  INL  CYCLE  MATINS  AND  COOL  1 6  SYSTEMS  PON  0UILDIN6 
APPLICATIONS.  UN OEM  A  RECENT  OOC  CONTRACT.  UTC  HAS  BUILT  AND 
TESTED  AN  IS-TON  COOLING  CAPACITY.  SOO.OOO  RTU/HR  MEAT  PUMP 
OVER  A  VIDE  NANCE  OP  OPERATING  CONDITIONS  SIMULATING  AM  ACTUAL 
BUILDING  INSTALLATION.  TO  ASSIST  IN  THE  MEAT  PUMP  DESIGN  and 
ANALYSIS*  UTRC  NAS  DEVELOPED  AMO  USED  SEVERAL  COMPREHENSIVE 
SYSTEM  SIMULATION  AND  ECONOMIC  ANALYSIS  PROGRAMS.  COLLECTOR 
ARRAY  SIZE.  STORAGE  TANK  VOLUME  AND  €W?ROL  STRATEGIES  MERE 
EVALUATED  MITH  THESE  PROCEDURES.  TYPICAL  RESULTS  OP  THE  SYSTEM 
SIMULATIONS  pdr  buildings  IN  SIA  SELECTED  geographical  regions 
ARE  DESCRIBED  AMO  THE  ECONOMIC  POTENTIAL  POR  SUCH  A  SYSTEM  IS 
ILLUSTRATED.  TIE  IMPACT  OP  VARIATIONS  IN  PROJECTED  PUEL  PRICE 
AW  COMPONENT  COST  LEVEL  ON  THE  UTC  SYSTEM  ECONOMIC  POTENTIAL 
I I.E. •  Rt TURN-ON— INVESTMENT.  PAYBACK  PERIOD.  ETCI  IS  SHOVN  IN 
DETAIL. 

COMPUTERIZED  S1MULATIONICOSTIOES1GNIECONOMIC  ANALYSIS!  01.021 
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GAS  SCOPE.  NO.  AS.  PP.  2 -A 
SUM  I0T6 

EOB-SOOSOO i 0 10404 
EDO— 300 BOO 

AS  A  RESULT  CP  A  STUDY  ON  ENERGY  CONVERSION  ALTERNATIVES.  A 
NOVEL  DESIGN  PDR  A  MOVER  PLANT  HAS  BEEN  DEVELOPED.  A  COAL 
GASIFIER  AND  PURIFIER  PRODUCE  PURIFIED  GAS  MHICH  IS  PEO  TO 
MOLTEN  CARBONATE  FUEL  CELLS.  DIRECT  CURRENT  POVEm  PROM  THE  FUEL 
CELLS  IS  CONVERTED  TO  ALTERNATING  CLPtMENT  IN  SOLID  STATE 
UNERTERS.  A  DESCRIPTION  OP  A  MOLTEN  CARBONATE  FUEL  CELL  IS 
GIVEN.  TOGETICR  BlTH  SOME  OP  THE  ADVANTAGES  VNICH  TRY  HAVE 
OVER  FIRST  GCNERATI ON  FUEL  CELLS.  FURTHER  TOPICS  DISCUSSED  ARC 
1R  COAL  GAS  W (CATION  PROCESS  AND  THE  COST  OP  THE  ELECTRICAL 
OUTPUT. 

CARDONA TESICOAL  GASIFICATION!  TttCOST!  OEIPEASIBlLlTY  STUOICS! 
OIIPUEL  CELL  MOVER  PLANTS!  TIIPUEL  GAS (HIGH— TEMPERATURE  PUEL 
CELLS (MOLTEN  SALTSIPOVER  GENERATIONIPUR!* ICAT ION 
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VENTURE  ANALYSIS  CASE  STUDY  FOR  ON-SITE  FUEL  CELL  ENERGY 
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this  volume  cp  the  report  contains  The  pollqming  appendices:  iai 

FUEL  CELL  POWR  PLANT  CHARACTERISTICS;  (SI  MARKET  MODEL  AND 
SELECTED  OUTtOII  (Cl  BUILD  INC  CHARACTERISTICS!  ID)  DATA 
PROJECTIONS!  ICI  MANUPACTURER  VENTURE  DATA!  (PI  SAS  UTILITIES 
VENTURE  DATA!  (SI  DESCRIPTION  OP  PARAMETER  METHOD!  (HI  DECISION 
TREE  ANALYSIS  POH  PIONEER  MANUPACTURER!  AND  (It  EVALUATION  OP 
GOVERNMENT  INCENTIVES.  (BHKI 

APARTMENT  BUILDINGS!  T3! COMMERCIAL  BUILDINGS:  TE! 

COMMCRC I ALIZ AT  ION! COST l DAT  AIDECISION  TREE  ANALYS1SIECONOM1C 
ANALYSIS!  O I  IP EASIB IL IT Y  STUDIES!  Oli FINANCIAL  INCENTI VESiPUEL 
CELL  POBER  PLANTS!  TI.Q2.03IGAS  UT IL1 TIES tMANUPACTUR INC! 
MARKETING  RESEARCH!  QIINATIONAL  GOVERNMENT IMATURAL  GAS  FUEL 
CELLS iPOVER  RANGE  10-100  KP 
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SOL  ID  POLYMER  ELECTROLYTE  (SPEI  FUEL  CELL  TECHNOLOGY  PROGRAM. 
PINAL  REPORT 

GENERAL  ELECTRIC  CO. .  B1LMINGTON.  MA  (USAI.  AIRCRAFT  EOUIPMENT 
OIV. 

73 

NTI&.  PC  AOAAU  AOI . 

CONTRACT  NAS 9- 16266 
2V  MAR  1979 
E0B-300S03 
EOB— 300S03 
N — 79-21622 

TIC  OVERALL  OBJECTIVES  OF  THE  PHASE  IV  SOLIO  POLYMER 
ELECTROLYTE  IUIL  CELL  TECHNOLOGY  PROGRAM  MERE  TO!  Ill  ESTABLISH 
PUEL  CELL  LIFE  AND  PERFORMANCE  AT  TEMPERATURES.  PRESSURES  AND 
ClARENT  DENSITIES  SIGNIFICANTLY  HIGHER  THAN  THOSE  PREVIOUSLY 
DEMONSTRATED!  (21  PROVIDE  THE  GROUND  HORK  FOR  A  SPACE  ENERGY 
STORAGE  SYSTEM  BASED  ON  THE  SOLIO  POLYMER  ELECTROLYTE 
TECHNOLOGY  I  I. E. .  REGENERATIVE  HA SUP  2 A /OS SUP  2A  FUEL  CELL  I !  131 
DESIGN.  FABRICATE  AND  TEST  EVALUATE  A  FULL-SCALE  SINGLE  CELL 
UNIT.  DURING  THIS  PHASE.  SIGNIFICANT  PROGRESS  MAS  MADE  TOMARD 
T»*  ACCOMPLISHMENT  OP  THESE  OBJECTIVES. 

OESIGN! ENERGY  STORAGE  SY ST EMSIF ABR 1C AT ION (HYDROGEN  PUEL  CELLS: 

T2 (PERFORMANCE  TEST |N6 (POL YMERSIREGEnERA Tl VE  PUEL  CELLS:  Tl! 
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99/6/ 00 00 01 A-00B0036// 


ACCESSION  NO. 
REPORT  NO. PAGE 
TITLE 
AUTHORS 
AUTHOR  APP 
TITLE  (MONO! 

PAGE  NO 
AVAILABILITY 
CONP  TITLE 
CONF  PLACE 
CONP  DATE 
DATE 

CATEGORIES 
PRIMARY  CAT 
REPORT  NO 
ABSTRACT 


18  »*>-(/’ 


B0C0033SI 0 
CONF— 79 1229  PP.  209-214'- 

OEVCLOPMENT  (F  2  KM  SOLAN  POME  LED  STEAM  ENGINE  SYSTEM 
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NATIONAL  SOLAR  ENERGY  CONVENTION  1979  OP  SOLAR  ENERGY  SOCIETY 
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NATIONAL  SOLAR  ENERGY  CONVENTION 
BOMBAY.  INDIA 
13  DEC  1979 
1979 

EUB— 160703 
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A  POTENTIALLY  ATTRACTIVE  USE  OP  SOLAR  ENERGY  IS  IN  THE  FORM  OF 
POMER  GENERATION  FOR  DECENTRALIZED  APPLICATIONS.  A  PROJECT  ON 
DEVELOPMENT  OP  2  KM  STEAM  ENGINE  SYSTEM  USING  CYLINDRICAL 
PARABOLIC  COIC EN TRA TORS  MAS  UNDERTAKEN  TO  EVALUATE  THE  SYSTEM 
BOTH  PROM  TEOINOLOG ICAL  AS  BELL  AS  ECONOMIC  POINTS  OP  VIEM.  A 
DIESEL  ENGINE  IS  CONVERTED  INTO  A  UNIPLOM  TYPE.  SINGLE  ACTING 
STEAM  ENGINE.  A  MINIMUM  SPECIFIC  STEAM  CONSUMPTION  OP  IS 
KGSKM-M  MAS  RCCOROCD  OUR  ING  THE  TESTS  ON  THE  STEAM  ENGINE.  NEXT 
GENERATION  OF  THE  STEAM  ENGINE.  INCORPORATING  FURUCR 
MODIFICATIONS.  IS  EXPECTED  TO  OPERATE  AT  12  KG/KM-H  SPECIFIC 
STEAM  CONSUMPTION  JUS.  ABOUT  THE  LOMEST  SPECIFIC  STEAM 
CONSUMPTION  FOR  THIS  SIZE  OF  ENGINE.  AN  ESTIMATION  OP  YEARLY 
DISTRIBUTION  OP  K I LOMAT TUMOURS  MHICM  CAN  BE  PROOUCEO  BY  THE 
SYSTEM  HAS  BEEN  MADE  BASED  ON  SOLAR  INSOLATION  DATA  OP  BARODA 
STATION.  THE  DETAILED  DESIGNS  PON  7.B  KM  AND  10  KM  OPTIMIZED 
SYSTEMS  ARC  »OM  READY  MHCRCIN  THE  AUXILIARIES  ARC  POMEREO  BY 
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PROMISING  DEVELOPMENTS  FOR  FUEL  CELLS 
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ELtCTR.  VEM.  DEV. *  NO.  2.  PP.  1-3 

JUN  197V 

ED6-300S0I 

EDO -300801 

DEVELOPMENT  of  fuel  cells  depenos  mainly  on  FINDING  a  SOLID  TO 
SEPARATE  THE  GASES.  THE  SOL  ID  MUST  C0N0UCT  EITHER  OSSUP  2»  OR 
HAS UP  *8  IONS  VERY  RAPIDLY.  A  SECOND  DEVELOPMENT  WHICH  HAS 
OCCURRED  RECENTLY  IN  FAVCJN  OF  TIC  MEDIUM-TEMPERATURE  FUEL  CELL 
IS  THE  APPEARANCE  OF  SEVERAL  NEW  CATALYST  SYSTEMS.  MIXED  OXIDES 
OFFERED  COULD  WE  SINTERED  ON  TO  A  CERAMIC  PROTON  CONDUCTING 
ELECTROLYTE.  THESE  NEW  CATALYSTS.  SUCH  AS  SR-OOPED  LACOOSSUB  3S 
OPERATE  MORE  EFFECTIVELY  AT  MEDIUM  TEMPERATURES.  AND  AT  I80SSUP 
OAC  THIS  CATALYST  IS  BETTER  THAN  PLATINUM  BLACK  FOR  THE 
REDUCTION  OF  OXYGEN.  THE  THIRO  WHICH  IS  DEVELOPING  RAPIDLY  IS 
THAT  OF  HYDROGEN  PRODUCTION  AND.  NONE  PARTICULARLY.  STORAGE. 
SOME  METAL  HYDRIDES  HAVE  BEEN  FOUND  THAT  CAN  STORE  UP  TO  S 
TIMES  MORE  HYDROGEN  PER  UNIT  VOLUME  THAN  IS  FOUND  IN  LIOUID 
HVOROGEN  1TSB.F.  AS  AN  INTERMEDIATE  DEVELOPMENT.  IT  WOULD  BE 
POSSIBLE  TO  USE  A  FUEL  CELL  IN  REVERSE  TO  PRODUCE  HYDROGEN  FROM 
WATER  VAPOR,  IN  AN  ELECTROLYSIS-CELL  NODE.  tMCWt 
COMPARATIVE  EVALUATIONS: EFFICIENCY:  Ol .U2.0J evaluation:  OlIFUEL 
cells:  ti.oigraphs:  os hydrogen  fuel  cells (hydrogen  storage; 
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topics  iNCLuie:  m  types  of  full  cells:  their  operation  and 
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applications:  wcstinghousc  stuoy:  <ai  fuel  cells  for  public 

UTILITY  APPLICATIONS!  GENERAL  ELECTRIC  STUDY:  181  FUEL  CELL 
POWER  PLANT  EVALUATION:  AND  161  MARKETING  CONSIDERATIONS.  ALSO. 
A  LISTING  OF  US  PATENTS  (WITH  ABSTRACTSI  SINCE  t«TO  THAT  OEAL 
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A  SURVEY  OP  THE  PRESENT  ST ATE -OP -THE -ART  OP  FUEL  CELLS  AND 
BATTERIES  SUITABLE  POR  HYBRID  PUEL  CELL/BATTERY  POWER  PLANTS  IS 
PRESENTED.  ALSO  6IVEN  ARE  A  SYSTEMS  STUDY  ON  PHOSPHORIC  ACID 
PUEL  CELLS  PW  TRANSPORTATION  APPLICATIONS  AND  THE  RESULTS  OP 
AN  EXPERIMENTAL  STUDY  OP  PHOSPHORIC  ACIO  AND  ALKALINE  FUEL 
CELLS  UNDER  CONDITIONS  OF  INTERMITTENT  OPERATION*  A  REVIEW  OP 
FUEL  OPTIONS  AND  PUEL  PROCESSING  FOR  PUEL  CELLS  IS  INCLUDED. 
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GREATER  EFFICIENCY  FROM  GENERATING  AND  TRANSMISSION  EOUIPMENT. 
MORE  EFFEC  •  1  YE  USE  OF  POWER  BY  CONSUMERS.  AND  NEW  METHOOS  FOR 
PREVENTING  POWER  FAILURES  WERE  MAJOR  GOALS  OF  THE  ELECTRIC 
POWER  INDUSTRY  IN  197B.  UNDER  STUDY  ARE  WAVS  TO  SPACE  OUT 
CONSUMER  OE  MAN  OS  ON  POWER  SYSTEMS.  AS  WELL  AS  RESEARCH  ON 
ADVANCED  POWER  GENERATION  THAT  INCLUDES!  AN 

ULTRAHlGH-TElWERATURE  TURBINE  EMPLOYING  COAL -DERIVED  GAS!  FUEL 
CELLS  LARGE  ENOUGH  TO  PROVIDE  EXTRA  POWER  TO  UTILITY  GRIDS 
OWING  PEAK -DEMAND  PERIODS!  A  SUPERCONDUCTING  GENERATOR 
BOASTING  VIRTUALLY  NO  LOSSES  FRUM  RESISTANCE  HEATING!  AND 
CONTROLLED  NUCLEAR  FUSION  THAT  WILL  PRODUCE  MORE  ENERGY  THAN  IT 
TAKES  TO  SUSTAIN  THE  REACTION.  THE  EFFORTS  ARE  BOUND  TOGETHER 
WITH  THE  NATIONAL  ENERGY  ACT  AND  PROGRESS  ON  THE  EFFORTS  IS 
DISCUSSEO.  SOME  EOUIPMENT  AND  SOME  UTILITIES  ARE  USING  TO  PUT 

in  place  time- of -day  rate  approaches  is  described,  other 

ENERGY -CONSERV  IN6  HARDWARE  AND  TECHNIQUES  ARE  BRIEFLY 
MENTIONED.  IMCWI 

COAL  GASIFICAT IONICOMB1NED  CYCLES {CONTROL  SYSTEMS I EFF IC IENCY ! 

O I .02 I ELECTR IC  POWER  INDUSTRY!  T2 IELECTR 1 C  UTILITIES!  T31ENERGY 
CONSERVATION  {FINANCIAL  I  NCENT  IVES'.  FUEL  CELLS  I  HAT  lONAL  ENERGY 
ACTIPEAK-LOAU  PRICING!  03! POWER  GENERATION! POWER  SYSTEMS!  Til 
POWER  TRANSM IS SI  ON! RATE  STRUCTURE IREL I AB IL ITV !  Ol IRE  SEARCH 
PROGRAMS! SAFETY! STABI LI TV! SUPERCONDUCTING  GENERATORS! 
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T)C  state-of-the-art  op  the  development  op  ORGANIC  RANKINE 
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the  objective  op  this  procram  is  to  develop  a  methodology  for 
predicting  long-term  fuel  cell  performance  from  short-term 
testing*  applying  the  perturbation  teomnioul.  the  TECHNIOUE 

•  ILL  BE  E APE R1«C NT ALLY  AND  TrCORE T ICALLV  APPLIED  TO  THE 

PK1SPHORIC  agio  fuel  CELL  (PAFCI*  ouaing  the  first  quarter* 
EFFORTS  MERE  CONCENTRATED  ON  THREE  MAIN  TASK.  AREAS!  AGING  MODEL 
DEVELOPMENT .  DESIGN  OF  E  )M»fcR  IMENTS.  AND  TESTING.  THE  DETAILS 
ARE  PRESENTED.  (  MX  I 
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AO— MB  FIELD  TEST  POVER  PLANT  MODIFICATION  AND  DEVELOPMENT: 
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TIC  OBJECTIVE  OF  THE  PHASE  I  PROGRAM  MAS  TO  INITIATE  DESIGN  AND 
DEVELOP Me NT  ACTIONS  THAT  MOULD  UPGRADE  THE  40-KM  FUEL  CELL 
POMEH  PLANT  TO  A  CONFIGURATION  SUITABLE  FOR  ON-SITE  INTEGRATED 
ENERGY  SYSTEM  TESTING  IN  A  VARIETY  OF  FIELD  APPLICATIONS.  THE 
ENSUING  MODIFICATIONS  MILL  IMPROVE  OPERATING  CAPABILITY. 
OMABILITV  AM)  MAINTENANCE  INTERVAL  AND  LEAD  TO  REDUCED 
PRODUCTION  COSTS.  MODIFICATION  MILL  BE  MADE  IN  ALL  THE  POWER 
PLANT  SUBSYSTEMS  TO  PROVIDE  THE  IMPROVED  CAPABILITIES.  IN  THE 
FUEL  PROCESSING  SUBSYSTEM.  DESIGN  CHANGES  MILL  BE  INCORPORATED 
TO  BROADEN  THE  FUEL  CAPABILITY  TO  INCLUDE  VIRTUALLY  ALL 
PIPELINE  GASES  A NO  PEAK  SHAVE  GASES.  THIS  REOUIRES  THE  ADDITION 
OF  PREPROCESSOR  COMPONENTS  TO  CHEMICALLY  REDUCE  OXYGEN  IN 
PEAK -SHAVE  GAS  AMO  TO  REDUCE  UNSATlMATED  HYDROCARBONS  SUCH  AS 
PROPYLENE.  THE  ACTIVATED  CHARCOAL  FUEL  TREATNENT  USED  ON  THE 
PILOT  POWER  PLANT  FOR  SULFUR  RENOVAL  MILL  BE  REPLACED  MITh  A 
HYDRODE SULFUR] ZER.  A  MORE  ACTIVE  REFORMER  CATALYST  MILL  BE  USED 
TO  INCREASE  EFFICIENCY  AM)  PRODUC IBIL  ITY  AND  REDUCE  VESSEL 
SIZE.  IN  THE  POMER  SECT I  CM  THE  LATEST  CELL  TECHNOLOGY  MIL!  BE 
UTILIZED  AND  TX  DIELECTRIC  OIL  POWER  PLANT  COOLING  SYSTEM  OF 
T*t  PILOT  PLANT  MILL  BE  XPLACCD  MITH  A  2-PHASE  MATER  SYSTEM. 
THIS  IMPROVED  COOLER  DESIGN  MILL  RESULT  IN  A  NORE  UNIFORM 
TEMPERATURE  DISTRIBUTION  ROWER  SECTION  AND  IMPROVED 
MAINTAINABILITY.  IN  TX  POWER  PROCESSING  SUBSYSTEM  THE  INVERTER 
IS  TO  BE  MOOIFIED  TO  IMPROVE  POWER  PLANT  PARALLELING 
CAPABILITY.  FOR  POMER  PLANT  CONTROL  A  MICROPROCESSOR  UNIT  IS  TO 
REPLACE  TX  ML  EC  TRONIC  CONTROLLER  OF  TX  PILOT  POMER  PLANT.  TO 
ALLOW  TX  POMER  PLANT  TO  BE  OPERATED  AS  AN  INTEGRATED  ENERGY 
•▼STEM.  A  WASTE  XAT  RECOVERT  SYSTEM  IS  TO  BE  ADDED  TO  THt 
DESIGN.  THIS  SYSTEM  MILL  PROVIOE  HEAT  RECOVERY  IN  THE  FORM  OF 
MOT  MATER. 

CATALYSTSICOMTROL  SYSTEMS!  OIICOOLING  SYSTEMS! DCS l&N i 
DESULFURI2A T ION! ELECTROCAT ALVSTS! F UCL  CELL  POMER  PLANTS!  T|; 
FUEL  SYSTEMS!  Ol  tXAT  RE COVERY  (HYDROCARBON  FUEL  CELLS!  T3i 
I  NVCRTERStMA  IN  TE  NANCE  IMANAGeXNTiMETHANDL  I  MICROPROCESSORS! 
MODIFICATIONS!  O  I  .02.03 1 NAPHTHAIN  ATUM  AL  GAS  (HAT  URAL  GAS  FUEL 
CELLS!  T2IPLANNING! POMER  CONDITIONING  CIRCUITS!  OliPOWCR  RANGE 
10-100  kb; POMER  systems: PROPANE iREPQRMCR  PROCESSES! 
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AN  INTEGNATED  MOLTEN  CARBONATE  FUEL  CELL/COAL  GASIFIER  POVER 
PLANT  IS  ONE  OF  THE  MORE  PROMISING  COAL-FUELED  ADVANCED  £ovER 
SYSTEMS.  THIS  PAPER  DISCUSSES  THE  COUPLING  OF  THE  FUEL  CELL 
■  ITh  the  gasifier,  and  IDENTIFIES  The  TECHNOLOGY  ISSUES  VH 1C H 
NEED  TO  BE  RESOLVED.  EST  MATES  OP  SYSTEM  EFFICIENCY  AND  COST  OF 
ELECTRICITY  ARE  PRESENTED. 

CARBON  MONOX  IDE I CARBONATES! COAL  FUEL  CELLSiCOAL  GASIFICATION: 

O I ICONS  I NED -CYCLE  POVER  PLANTS!  T 1 ICOST J DESULFUR 1 Z AT  I ON ; 
EFFICIENCY!  Ol {ELECTRIC  POVER IF EAS 1BI LIT V  STUDIES!  01.02! 
FLOVSHEE IS! FlE L  CELL  POVER  PLANTS!  T2 !FuEL  GASlGAS  TURBINES! 
HIGH-TEMPER  ATURE  FUEL  CELLS!  0  I  i  HYDROGEN  J  MOL  TEN  SALTS; POvt ft 
GENERAT  lONSPIFt  IF  ICATION!  SELCXOL  PROCESS! STEAM  TURBINES*. 
SYNTHESIS  GAS! TEXACO  GASIFICATION  PROCESS!  T IU-GAS  PROCESS!  T! 
BASTE  HEAT  UTILIZATION 
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DEVELOPMENT  OF  SULFUR -TOLERANT  COMPONENTS  FOR  SECOND-GENERATION 
MOLTEN  CARBONATE  FUEL  CELLS 

CLAAR.  T.O.i  MAR  I ANOVSK I .  L.G. i  SAMMELLS.  A.F. 

INSTITUTE  OF  GAS  TECHNOLOGY.  CHICAGO.  IL  I  USA! 
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FUTURE  LARGE-SCALE  FUEL  CELL  POVER  PLANT  APPLICATIONS  MILL 
REOUIRE  THE  USE  OF  HYDROCARBON  FEEDS  SUCH  AS  COAL.  HEAVY  OILS. 
AW  DISTILLATES  CONTAINING  SULFlA.  AS  A  RESULT.  DEPENDING  ON 
TW  FUEL  CONORS  ION  AND  CLEANUP  PROCESSES  USED.  VARYING  AMOUNTS 
OF  SULFUR  BILL  APPEAR  IN  THE  FUEL  CELL  FEED.  BECAUSE  BOTH  THE 
COST  AND  COMPLEXITY  OF  T»«  TOTAL  PLANT  INCREASE  AS  THE  REMOVAL 
LEVELS  INCREASE.  IT  IS  ESSENTIAL  TO  IDENTIFY  THE  GAS  PURITY 
REQUIREMENTS  OF  MOLTEN  CARBONATE  FUEL  CELLS.  THEREFORE.  THE 
OBJECTIVES  OF  THIS  STUDY  ARE!  (II  TO  ESTABLISH  THE  PERFORMANCE 
AND  ENDURANCE  CHARACTERISTICS  OF  MOLTEN  CARBONATE  FUEL  CELLS  AS 

a  function  of  sulfur  contaminants  in  both  fuel  ano  oxidant  feed 

GASES!  (21  TO  IDENTIFY  TIE  SULFUR  TOLERANCE  OF  CELL  MATERIALS! 
AMI  13)  TO  E  ST  ABL ISM  CELL  PERFORMANCE  AS  A  FUNCTION  OF  GAS 
COMPOSITION  AT  S  ANO  10-ATM  PRESSURE.  CELL  TESTS  USING  A 
VARIETY  OF  SULFUR  CONCENTRATIONS  INDICATED  THAT  THE  SULFUR 
TOLERANCE  OF  PRESENT  MOLTEN  CARBONATE  FUEL  CELLS  IS  BELOV  10 
PPM  IN  THE  INCOMING  PEEO  GASES.  BOTH  CELL  PERFORMANCE  LOSSES 
AM>  ENDURANCE  LIMITATIONS  BENE  OBSERVED  AT  TFCSE  LEVELS  AND 
THEY  VERt  SHOSN  TO  OCCUR  PRIMARILY  ON  THE  ANODE  SIDE  OF  THE 
CELL.  The  PERFORMANCE  LOSSES  ARE  DUE  TO  A  COMBINATION  OF 
STRUCTURAL  CHANGES  IN  THE  ANODE  AND  REDUCED  MASS  TRANSFER 
CHARACTEHIST KS  OF  THE  CARBONATE  MELT  CAUSED  BY  INTERACTIONS 
•ETVEEN  THE  CARBONATE  MELT  ANO  THE  SULFUM  SPECIES.  THE 
EICURANCE  LIMITATIONS  ARE  DUE  TO  CORROSION  OF  THE  CURRENT 
COLLECTOR  AND  OTHER  METALLIC  COMPONENTS  THAT  MERE  SHORN  TO  Bt 
MIRE  SEVERELY  CORRODED  IN  THE  PRESENCE  OF  THE  SULFUR— CONTAINING 
GASES.  POTENTIALLY  MORE  SULFUR -TOLERANT  MATERIALS  VERt 
I DENT  IF  ItO  IN  SUPPLEMENTARY  SCREENING  TESTS.  IBHK) 
AfODESICARBONATESICATHOOESICHCMICAL  COMPOSITION! coal  FUEL 
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EFFECT  OF  SUBSTRUCTURE  ON 
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THE  EFFECT  OF  TRANSFORMATION  SUBSTRUCTURE'  ILATH  OR  TVINNED 
PLATES)  A NO  ITS' SUBSEQUENT  MOO  IF  I CAT I  ON  /OF  CARBIDE  DISTRIBUTION 
DURING  TEMPERING  ON  THE  MECHANICAL  PROPERTIES  MAS  INVESTIGATED 
IN  FE-Ml-CO  ALLOYS  MITH  AND  WITHOUT  0*7  PCT  CARBON.  THE 
MORPHOLOGY  AM)  SUBSTRUCTURE  OF  CARBON  FREE  AND  0.1  PCT  CARBON 
FE-Nl -CO  MARTENSITES  DO  M3 T  HAVE  A  SIGNIFICANT  EFFECT  ON 
FRACTURE  TOUGHNESS.  THE  TRANSFORMATION  SUBSTRUCTURE  BY  ITSELF 
DOCS  NOT  CONTROL  THE  DEFORMATION  MUOE  OF  THESE  MARTENSITES. 
BASED  ON  A  PREVIOUSLY  SUGGESTED  MODEL  ON  FACTORS  AFFECTING  THE 
MODE  OF  OCFCHMAT  ION.  THE  NEED  FOR  SUBSTRUCTURE  CONTROL  TO 
MAINTAIN  DESIRABLE  MECHANICAL  PROPERTIES  OF  LOM  ALLOY  HIGH 
STRENGTH  STEELS  IS  AGAIN  ENPHA&IZED. 

CARB1DESSCARIDN  ADO I T I ON Si CHAAPY  TESTICOBALT  ALLOYS S  T3J 
DEFORMATION; IRON  BASE  ALLOYS.  T I .MARTENS I TE I MECHANICAL 

properties:  qi  .o2.o3;modificaticms;morphologv;nickel  alloys:  T2; 
nucleation;pfecipitation ;quenching;tm inning 
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PROCEEDINGS  OF  THE  FUEL  CELL  IN  TRANSPORTATION  APPLICATIONS 
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MCCORMICK.  B.;  BOBBETT.  R. ;  SR1NIVASAN.  S. S  MCBREEN.  3.  (EDS.) 
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COM— 300SO4 ; 330480 
COB— 300SO4 
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THE  FACTORS  INVOLVED  IN  DEVELOPMENT  OF  A  MARKETABLE  METHANOL 
FUEL  CELL/BATTERY  HYBRID  ELECTRIC  ■LOWERED  AUTOMOBILE  ARE 
BRIEFLY  DISCUSSED.  CAPITAL  AND  OPERATING  COSTS.  RELIABILITY. 
PRODUCT  LIFE.  SAFETY.  MASS  PRODUCTION  MANUFACTURING  CAPABILITY 
WITH  PREDICT  ABLE  PERFORMANCE*  AND  INDUSTRY  ACCEPTANCE  ARE 
MENTIONED.  IBIK) 

ALCOHOL  FUEL  CELLS!  01 1 AUTOMOBILES iCOMMERC IAL 12 AT  I ON:  01 (COST; 
ELECTRIC  BATTERIbSl MVBN ID  ELECTRIC-POWERED  VEHICLES:  Tl! 
MANUFACTUR IM6SMARKE T (METHANOL I REL I  AMI L I T V  tSAFET  VISER V  ICE  LIFE 
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VQ4KSHOP 
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EOB-300501 
LA — 72  70  -C 

THE  EPRI  FUEL  CELL  PROGRAM  IS  NO*  THREE  YEARS  OLD.  HAVING  BEEN 
INITIATED  BY  THE  TRANSFER  OF  PROJECT  MANAGEMENT  RESPONSIBILITY 

for  advanced  fuel  cell  technology  from  an  ee i  steering 
COMMITTEE  TO  EPRI'S  TECHNICAL  STAFF  IRPIIA).  DURING  THIS 
PERIOD.  CRITICAL  ISSUES.  BOTH  TECHNICAL  AND  NONTECHNICAL.  HAVE 
BEEN  IDENTIFIED.  A  COMPREHENSIVE  FUEL  CELL  PROGRAM  TO  AOORESS 
THESE  ISSUES  HAS  BEEN  FORMULATED. 

DES I GN I ECONO Ml CS iEPR I SFUEL  CELLS:  T 1 S RESEARCH  PROGRAMS :  Oil 
SERVICE  LIFE 

T9ROI31047 

FEASIBILITY  OF  COGENERATION  APPLICATION  OF  A  A.B-MV  FUEL  CELL 
POBER  PLANT  AT  A  SANTA  CLARA.  CALIFORNIA  PAPER  MILL.  FINAL 
REPORT 

CRINER.  O.E. 

BURNS  AND  MCDONNELL  ENGINEERING  CO..  KANSAS  CITY.  MO  <USA> 

300 

OEP.  NT  IS.  PL  AI3/MF  AOI . 

CONTRACT  ET-1B-C  -03-2169 
JUL  1970 

EDB-300SOI I  200  EOS ;290S00 
EDO— 300S0I 
SAN - 21BV-T1 

THIS  STUDY  EVALUATED  THE  FEASIBILITY  OF  EMPLOYING  A  A.B-MV  FUEL 
CELL  PUWLR  PLANT  IN  A  COGE HERAT  ION  MODE.  THE  PROPOSED  SITE  FOR 
THE  POBER  PLANT  IS  AT  A  SANTA  CLARA.  CALIFORNIA.  RECYCLEO  PAPER 
MILL  OBNEO  BY  THE  CONTAIICR  CORPORATION  OF  AMERICA.  BAYS  FOR 
UTILIZING  THE  BASTE  HEAT  FROM  THE  FUEL  CELL  BITHIN  THE  PAPER 
MILL  BERE  STUDIED.  SEVERAL  USES  MERE  IDENTIFIED  BH1CH  BOULG 
REDUCE  THE  AM3UNT  OF  PROCESS  STEAM  NDB  GENERATED  BY 
CONVENTIONAL  F OSSIL -FUELED  BOILERS  IN  THE  PAPER  MILL.  THE 
ELECTRICAL  EtC  RG Y  FROM  TIC  FUEL  CELL  COULD  BE  FED  TO  THE 
MUNICIPAL  ELtCTRIC  SYSTEM  OBNED  BY  THE  CITY  OF  SANTA  CLARA  OR 
COULU  BE  USED  DIRECTLY  BY  THE  PAPER  MILL.  DEPENDING  UPON  THE 
FORM  OF  0MNERSH1P  FOR  THE  FUEL  CELL.  IN  ADDITION  TO  ASSESSING 
OBNERSHIP  ALTERNATIVES  FOR  THE  FUEL  CELL  POBER  PLANT.  POTENTIAL 
ARRANGEMENTS  FOR  OPERATION  AND  MAINTENANCE  OF  THE  PLANT  BERE 
STUDltO.  ALSO.  THE  PMOJECTED  COST  AIK)  AVAILABILITY  OF 
ALTERNATIVE  FUELS  FOR  THt  FUEL  CELL  BERE  EXAMINED.  ECONOMIC 
ANALYSES  BERE  PERFORMED  FOR  SEVERAL  SCENARIOS  INVOLVING 
DIFFERENT  FUELS  AND  OBNERSHIP  ARRANGEMENTS.  BREAKEVEN  CAPITAL 
COSTS  FOR  THE  FUEL  CELL  POBER  PLANT  MERE  COMPUTED  FOR  THE 
VARIOUS  SCENARIOS.  SENSITIVITY  STUDIES  MERE  PERFORMED  TO 
DETERMINE  the  IMPACT  OF  VARIATIONS  IN  ASSUMED  BASE  values  for 
fuel  PRICE.  tLECTRIC  HATES.  AND  OTHER  PAHANETERS.  TOTAL  ENERGY 
SAVINGS  RESULTING  FROM  OPERATION  OF  TIC  FUEL  CELL  POBER  PLANT 
AW)  THE  POTENTIAL  OPERATIONAL  INPACT  OF  THE  FUEL  CELL  POBER 
PLANT  ON  THt  CITY  OF  SANTA  CLARA  ELECTRIC  SYSTEM  AND  CCA  PLANT 
BERt  ALSO  EVALUATED .  THE  ENVIRONMENTAL  IMPLICATIONS  OF  THE  FUEL 
CELL  POBER  PLANT  BERE  ASSESSED  IN  TERMS  OF  THE  NET  CHANGES  IN 
AIR  ENISSION&  FOR  PARTICULATES*  SULFUR  DIOXIDE.  AND  OXIDES  OF 
NITROGEN  BH ICH  BUULD  OCCUR  AT  THE  PAPER  MILL  PLANT  SITE.  AS 
PART  OF  THE  STUDY.  A  PROPOSED  DEMONSTRATION  PROGRAM  BAS 
DEVELOPED  FOR  ACTUALLY  INSTALLING  THE  FUEL  CtLL  POBER  PLANT  AT 
TIC  SANTA  CLARA  SITE. 

AIR  POLLUTION  ABATEMENT; AUXILIARY  SYSTEMS i AVA I LAB I L I 1 Y S 
CALIFORNIAICD-GENERATION1  01 {COST IOEMONSTRA1 ION  PROGRAMS; 

diagramsidual-purpose  poser  plants:  t2.o3;economic  analysis; 

CCONOMICSIENVI RONMENTAL  IMPACT S ;FtASIB 1L IT Y  STUDIES:  01.02; 
FORECASTING {FUEL  CELL  PO*R  PLANTS:  T  I  .02.03 IFuELSIHYOROC ARBOR 
fuel  cells i lie  tallat ion;  naphthainatural  gas; natural  gas  fuel 

CELLS  «0BF£RSH1P|  PAPER  INDUSTRY:  T  3  t POBER  RANGE  1-10  MBJPRICES: 
PROCESS  HE  A  T IRECYCL INGI SIMSI T I  VI  TV  ANAL VSI SI  STEAM  GENERATORS; 
BASTE  HEAT  UTILIZATION 
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79C0I23740 

MOLTEN  CARBONATE  FUEL  CELL  SYSTEMS  DEVELOPMENT  PROGRAM 
BORVS.  S.S.t  ACKERMAN.  J.P. 

ARGONNE  NATIONAL  LAB..  IL  (USA) 

7 

OEP.  NT  IS.  PC  A02/MF  AOI . 

C 9*  TRACT  «-Jl-  10  9 -ENG-Se 

I  A.  1NTERSOC  IE  TV  ENERGY  CONVERSION  CONFERENCE 
BOSTON.  MA.  USA 
S  AUG  197V 
1979 

E0B-300S01 
E  OB -300 SOI 
CONE  — T90B03 — S3 

The  OBJECTIVE  OF  THE  US  DEPARTMENT  OF  ENERGY  MOLTEN  CARBONATE 
FUEL  CELL  ( MCF  C)  SYSTEMS  DEVELOPMENT  PROGRAM  IS  TO  IMPLEMENT 
THE  EARLIEST  FEASIBLE  COMMERCIAL  USE  OF  MCFC  POvER  PLANTS 
OPERATING  ON  COAL)  IM*LE  1C  NT AT  ION  MILL  PROVIDE  BENEFITS  IN  COST 
OF  ELECTRICITY.  ENVIRONMENTAL  OUALITv.  AND  RESOURCE 
CONVERSATION.  MOLTEN  CARBONATE  FUEL  CELLS  OPERATING  AT  HIGH 
TEMPERATURE  (APPROX.  02S  HI  YIELD  RAPID  KINETICS.  FUEL 

flexibility,  aw  high  grbe  haste  heat,  emissions  of  sulfur 

OXIDES.  NITROGEN  OXIDES.  A NO  PARTICULATES  FROM  A  MCFC  POMER 
PLANT  WITH  AN  INTEGRATED  COAL  GASIFIER  MILL  BE  HELL  BELOV  ANY 
«WHN  COMPETITIVE  TEOMOLOCV.  PRIMARY  AREAS  OF  CELL  OEVELOPMLNT 
ARE  SCALE  UP  •  LIFETIME  AND  CYCLING  CAPABILITIES.  KEY  MILESTONES 
FOR  THE  DEVELOPMENT  OF  MCFC  POMER  PLANTS  ARE  (I)  OPERATION  OF  A 
PROTOTYPE  FUEL  CELL  ASSEMBLY  (STACK)  ON  SIMULATED  GAS  BY  LATE 
ft  9B2 •  (2)  CP  St  AT  I ON  OF  A  PROTOTYPE  STACK  ON  COAL  GASIFIER 
PRODUCT  GAS  BY  LATE  19S3.  (3)  OPERATION  OF  AN  INTEGRATED 
MULT  I -MV  TEST  FACILITY  BY  N1D-I9BS.  OPERATION  OF  A  BASELOAD 
POMER  PLANT  OF  SEVERAL  MlMDRED  MEGAMAT  TS  CAN  BE  ACHIEVED  BY 
1990. 

CARBONATESICOAL  fuel  CELLS! COAL  GASIFICATION (COST (FUEL  CELL 
POMER  PLANTS  |H  I6H-TEMPERATURE  FUEL  CELLS!  Tl  (MOLTEN  SALTS! 
NATIONAL  PROW  AM  PL  ANSIOPERAT  I  ON  I  PERFORMANCE  (RESEARCH  PROGRAMS! 
01  (SCALING  LAMS!  SERVICE  Li  FE  (TECHNOLOGY  ASSESSMENT 

79J0 123728 

DIRECT  ENERGY  CONVERSION  DEVICES  AND  THEIR  POTENTIAL  NAVAL 
APPLICATIONS 

MU.  C.(  FINE.  J.M.(  CHI.  L.K. 

US  NAV  ACAD 

MAV.  ENG.  J..  V.  91.  NO.  I.  PP.  A 7  —96 
FEB  1979 
EOB-SOOOOO 
COB -300 000 

DIRECT  ENERGY  CONVERSION  DEVICES  MAV  BE  USED  AS  PRIME  MOVERS. 
REFRIGERATING  MACHINES.  ET  CETERA,  A NO  ARE  ENDOMCO  Ml TH 
CHARACTERISTICS  HELL  SUITED  TO  DIVERSE  NAVAL  APPLICATIONS. 
DESPITE  THIS.  NOT  MUCH  EFFORT  HAS  BEEN  INVESTED  IN  THE  U.S. 

NAVY  IN  THEIR  DEVELOPMENT.  THERE  IS  AN  URGENT  NCEO  FOR 
SUBSTANTIAL  FUNDAMENTAL  MONK  IN  THIS  AREA  TO  BE  INITIATED. 
DEVELOPMENTS  OF  THERMOELECTRIC  CONVERTERS,  THERMIONIC 
GENERATORS.  PHOTOVOLTAIC  CELLS.  MAGNE TOHVDROOVNAM 1C  IMHO) 
SYSTEMS.  AND  FUEL  CELLS  ARE  SURVEYED.  A  COMPARISON  BETVEEN 
CONVENTIONAL  ENERGY  CONVERSION  AND  DIRECT  ENERGY  CONVERSION  IN 
SI2E,  HEIGHT.  AND  EFFICIENCY  IS  MADE.  POTENTIAL  APPLICATION  OF 
T»€S£  ENERGY  CONVERSION  DEVICES  FOR  NAVAL  USE  IS  STUDIED. 
COMPARATIVE  EVALUAT IONSIOIRECT  ENERGY  CONVERTERS!  TltFuEL  CELLS! 
MtC  GENERATORS  IN ILI TARV  EQUIPMENT (PHOTOVOLT A 1C  CELLS! REV IEMS! 
OKTECHNOLOGY  ASSESSMENT  (THERMIONIC  CONVERTERS!  THERMOELECTRIC 
GENERATORS (USES 
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ALTERNA1E  ELECTROLYTE  COWOS  IT  IONS  FOR  MOLTEN  CARBONATE  FUEL 
CELLS 
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INSTITUTE  OF  GAS  TECHNOLOGY  *  CHICAGO.  IL  (USA) 
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THE  MOLTEN  CARbONATE  FUEL  CELL  MORKShOP 
OAK  RIDGE.  TN.  USA 
31  OCT  19T6 
1976 

E0B-300S0^;  360603 

E06-300S03 

CONE -78 10130 — 4 

PROPERTIES  OF  THE  LISSUB  2SC0SSUB  34— NAS SUB  2 SCO* SUB  3S-K»SUb 
2  AC  OS  SUB  3*  ELECTROLYTE  SYSTEM  RELATED  TO  CELL  PERFORMANCE 
(SUCH  AS  ELECTRICAL  CONDUCTIVITY.  GAS  SOLUBILITY  A NO 
OIFFUSIVITV.  SURFACE  TENSION.  AND  VISCOSITY)  AND  CELL  ENDURANCE 
(SUCH  AS  CORROSIVITY.  VAPOR  LOSSES  AND  COMPATIBILITY  V1TH  TILE 
SUPPORT  MATERIAL)  ARC  REVIEWED  FOR  THE  PURPOSE  OF  OPTIMIZING 
THE  ELECTROLYTE  COMPOSITION.  MOST  RECENT  CELL  PERFORMANCE  DATA 
ON  DIFFERENT  ELECTROLYTE  COMPOSITIONS  ARE  PRESENTED  AND 
CORRELATED  VITH  THE  CORRESPONDING  ELECTROLYTE  PROPERTIES.  AN 
OPTIMUM  ELECTROLYTE  COMPOSITION  REGIME  MAS  BEEN  IDENTIFIED  AND 

factors  that  affect  both  cell  performance  and  enourance  are 

DISCUSSED. 

carbonates:  oichemical  composition:  oicompatibilitv:  ds 
corrosion  resistance:  oi corrosive  effects:  O (CURRENT  density; 
data  compilation:  didiffusion:  dielectric  conductivity:  d: 
electrolytes:  ui. digraphs:  o;high  temperature:  o: 
high-tenperaturl  fuel  cells:  ti.d;lithium  carbonates:  T2.d: 
mixtures:  Dt molten  salts:  dioptimization:  diperformance ; 
physical  properties:  oa.os.es. dipolarization:  d;potassium 

CARBONATES:  TA.OISCRVICE  LIFE;SODIUM  CARBONATES:  T3.D; 

solubility:  disurface  tension:  ditables:  ditemperature 
DEPENDENCE:  Di VAPOR  PRESSURE:  DiVISCOSITV:  D 
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ALASKA  REGIONAL  ENERGY  RESOURCES  PLANNING  PRUJECT.  PHASE  2: 
COAL.  HVOROEIECTRIC.  AND  ENERGY  ALTERNATIVES.  VOLUME  111. 
ALASKA  *S  ALTERNATIVE  ENERGIES  ANU  REGIONAL  ASSESSMENT  INVENTORY 
UPOATt 

ALASKA  DEPT .  OF  COMMERCE  AND  tCONONIC  OEVELOPMLN1  .  JUNEAU  (USA) 

OEP.  Nils.  PC  A1 b/Mf  AO I « 

CONTRACT  tV-77 -C -06-1002 
JAN  IV79 

E  08-299000 ;  300 SO 0) 1 40S04 1 1 70  OOD 1 1 S 0000 1 130000 

EUB -299000 

RLO — 1002— T2 (VOL .3) 

TM  ALASKA  REGIONAL  ENERGY  RESOURCES  PLANNING  PROJECT  IS 
PRESENTED  IN  TWEE  VOLUNCS.  THIS  VOLUME.  VOL.  111.  CUNSIOLRS 
ALTERNATIVE  INERGIES  AMO  THE  REGIONAL  ASSESSNENT  INVENTORY 
UPDATE.  THE  MTRODUCTORV  CHAPTER.  CHAPTER  12.  EXAMINES  THE 
HISTORICAL  BACKGROUND.  CURRENT  TECHNOLOGICAL  STATUS* 
ENVIRONMENTAL  IMPACT.  APPLICABILITY  TO  ALASKA.  AND  SITING 
COYS  IDE  RAT  10W  FOR  A  NUMBER  OF  ALTERNATIVE  SYSTEMS.  ALL  OF  THE 
SYSTEMS  CONSIDERED  USE  OH  COULD  USE  RENEWABLE  ENERGY  RESOUHCLS. 
T*t  CHAPTERS  THAT  FOLLOV  ARC  ENTITLED!  VERT  SMALL  HVOROPOSER 
I ABOUT  12  KM  OR  LESS  FOR  RURAL  AMO  REMOTE  VILLAGES! J 

lom-templratipe  geothermal  space  heatings  minds  fuel  cells; 

SITING  CRITERIA  AW  PRELIMINARY  SCREENING  OF  COMMUNITIES  FOR 
ALTERNATE  ENERGY  USE  I  MOUD  RCSIOUtSt  MASTE  HEAT;  AND  REGIONAL 
ASSESSMENT  I  NY  NT  OR Y  UPDATE.  (MCMI 

ALASKA!  1 1 .0 lO AT  A  COMPILATION!  DSENV IHONMCN! AL  EFFECTS (FUEL 

cells:  tssgeutwrmal  energy:  izslom-head  hvohoelllTric  pomcr 
plants:  ij  (regional  anal ysisirenemable  energy  sources:  qi.d; 
RESOURCE  POTENTIAL:  92*03.04. US.GBIRURAL  AREASISITE  SELECTION: 
space  heating; tables:  ditechnologt  assessment smaste  heatimaste 
heat  utilization:  QIIMIND  POvtR:  TAImOQD  masies:  16 
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INCENTIVES  AM)  REQU  IRENE  NT  S  FUR  GASIF 1CAT  ION-BASED  POWER  SYSTEMS 
HO.T.  N.A. 

ELECTRIC  POWER  RESEARCH  INST..  PALO  ALTO.  CA 
EMRGV  TECHNOLOGY  V I  CHALLENGES  Tu  TECHNOLOGY 
HILL.  R.F.  (*£>•> 

COM-  -78*222 — 

60A-GOS 

S.  ENERGY  TECHM3LOGV  CONFERENCE 
WASHINGTON.  OC .  USA 
27  FEb  1G78 

GOVERNMENT  INSTITUTES.  INC..  WASHINGTON.  OC 
1970 

E0B-29400I lO 10404  I 2 9000 I 1200102 
E 00-294001 

I*  MAIN  INCtMTIVES  FOR  THE  USE  OF  GAS  IF  ICAT ION-BASED  POWER 
SYSTEMS  OVER  OTHEH  COLL -to  A St D  GENERATING  SYSTEMS  SUCH  AS  DIRECT 
COAL  FIRING  WITH  STACA-6AS  SCRUBBING  ARE  I  MARKEDLY  REDUCED 
EMISSIONS;  BETTER  RESOURCE  UTILIZATION  (COAL.  WATER.  LANDIi  AND 
COMPETITIVE  CAPITAL  COST  AMO  COST  OF  POWER.  THE  RESULTS  OF  A 
SERIES  OF  ECONOMIC  SIUOIES  CONDUCTED  BT  FLUOR  CORP.  FOR  EPRI 
IM>1CATE  THAI  THE  CAPITAL  COST  OF  INTEGRATED-GASIFICATION 
COMblNED-CTCLE  POWER  PLAN1 S  ARE  700  TO  OSO  S/AW  IN  MID  I97G 

dollars  with  heat  rates  in  Tie  range  saoo  to  oooo  btu/kwh.  of 

ALL  THE  POTENI  IAL  USES  OF  COAL  GASIFICATION  IN  POWER  SYSTEMS. 
THIS  appears  Tic  most  attractive.  COAL  GASIFICATION  uses  in 
POWER  SYSTEMS  CONSIDERED  WERE  I  CLEAN  FUEL  GAS  FUN  COMBUSTION 
TURblNE  CQMblNED  CYCLE.  REGENERATIVE  ON  FUEL-CELL  SYSTEMS; 

CLEAN  FUEL  GAS  FOR  DIRECT  FIRING  IN  S1EAM  OOlLERS;  SVN1HES1S 
GAS  AS  A  SOURCE  OF  CLEAN  LIQUID  FUELS  FOR  INTERMEDIATE-  AND 
PEAKING  -LOAD  DUTIES  ON  GAS  TURBINES  AND  FUEL  CELLS;  A NO  AS  A 
SOURCC  OF  HYDROGEN  FOR  COAL  L I GOLF  ACT  ION  A NO  REGENERATIVE 
STACK-GAS— SCMObbING  PROCESSES.  THE  OESIHAbCE  GASIFIER 
CHARACTERISTICS  FOR  INTEGRATION  IN  GASIFICATION  COMB I NED -CYCLE 
SYSTEMS  ARt  SIMPLICITY.  FEEDSTOCK  FLEXIBILITY.  MINIMUM 
OUWNS1RLAM  GAS  PROCESSING.  AM)  COMPATIBILITY  WITH 
POWER-GENERATION  REQUIREMENT  S.  THE  STATUS  OF  THE  GASIFIER 
TECHNOLOGY  IS  REVIEWED.  IMCW I 

COAL  GASIFICATION:  UliCOMblNED  CYCLES  SCONblNLD-CVCLE  POWER 
plants:  hicwparat  ive  evaloationsiconpet  ition;design; 
economics:  an  environmental  inpactssepri ;foel  cells:gas 
lute  INE&SREl  (ABILITY 
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ADVANCED  FUEL  CELL  DEVELOPMENT.  PROGRESS  REPORT. 

JULY —  SEPTEMBER  1970 

FINN.  P.A.I  A!  Ml  SHI TA.  K.J  KOCERA .  G.H.I  PIERCE.  R.D. •  SIM.  J.w. 
ARGONNE  NAT  104  AL  LAB..  lL  I  USA  1 
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•GAMMAS— LI ALO01UB  2S  ELECTROLYTE 
KM  "  TO  ~  BD 

THIS  REPORT  DESCRIBES  ADVANCED  FUEL  CELL  RESEARCH  AND 
DEVELOPMENT  ACTIVITIES  AT  ARGONNE  NATIONAL  LABOR A  TOR  Y  ( AML  I 
OCR  ING  TIC  PERIOD  JULY — MPTENBEh  1970.  THESE  EFFORTS  HAVE  BEER 
DIRECTED  TOWARD  IPS)  ERST  AM)  ING  AMO  IMPROVING  THE  CQMPWCNT&  OF 
NOLTEN-OUWONA  TE -ELECTROLYTE  FUEL  CELLS  OPERATED  AT 

temperatures  near  92s  k.  the  primary  focus  of  this  work  has 

BEEN  THE  DC VELU>MEN1  OF  ELECTROLYTE  STRUCTURES  THAT  HAVE  GOOD 
ELECTROLYTE  «  TEN 1 1 OR  AND  MECHANICAL  PROPERIIES  AS  WELL  AS  LONG 
TERM  STABILITY.  AND  On  OtVELUPIM.  METHODS  OF  SYNTHESIS  AMENABLE 
TO  MASS  FROOUCTlUN.  THE  CHARACTER I ZAT I ON  OF  THESE  STRUCTURES 

*M)  their  stability  is  an  internal  part  of  this  effort. 

SYNTHESIS  STUDIES  HAVE  COaCENTRATED  ON  THE  USE  OF  LOW-COST 
STARTING  MATERIAL  TO  SYNTHES  HE  SGANMAS— L 1 ALQSSUB  2S.  THE  MOST 
STABLE  ALLOT  Ml  PE  OP  LIALUSSUB  20  FOR  THE  FUEL  CELL  CONDITIONS. 
TICRMAL  STABILITY  AND  THEM  NOME CHAN I CAL  TESTS  WERE  PERFORMED  ON 
ELECTROLYTE  MIXTURES  TO  DETERMINE  I ME  EFFECT  OF  CELL  0PCRA1ING 
CONDITIONS  ON  ELECTROLYTE  TILE  LONGEVITY.  A  SOU ARE  CELL  IIO.S 
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CM)  ■  1 TH  AN  ttlCTDOLfH  tilt  CONTAIN  INC  »CAMMA*-L  1ALOSSOB  2A 
■AS  TESTED.  MIS  TILS  MAS  ME  INFORCEO  («  A  MIRE  SCREEN. 

most— test  examinatiim  or  this  cell  after  iooo  h  of  operation 

SHDaEO  THAT  THE  REllBORCtD  TILE  MAS  CONSIDERABLY  STRONGER  THAN 
ON -RE  INF  OH  CEO  TILES.  FUTlME  CELLS  MILL  UTILIZE  TILES  PITH  METAL 
SCREEN  RL INFER  CEMENT. 

DESCRIPTORS  ALOMINATtS  i CAROONAT  ESIOE  SI SNIELEC TRQL  VTES!  U  I  {FARR  1CA T  IONS 

HIGH— TEMPER  A  TUIA  FUEL  CELLS!  MltLITHlUM  COMPOUNDS  IMOlTEN  SALTS! 
PARTICLE  SIZE!  PERFORMANCE  TESTING!  Ill  {PRODUCT  ION!  RE  SEARCH 
PROGRAMS.SERV1  C£  L I FE 1ST  AM IL I  TV 
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NEV  FLUID  MATTERY  PROMISES  CHEAPER  ELECTRICITY  STORAGE 

PlMLlC  UTIL.  FlRTN.i  V.  103.  NO.  9.  PP.  66-66.  SO 

Zb  APR  1979 

E0M-290700i20OIO7 

EDO -290 700 

TIC  REDO*  ENERGY  STORAGE  SYS TEN  PROMISES  MAJOR  COST  REDUCTIONS 
IN  THE  STORIMi  OF  ELECTRICAL  ENERGY  AS  BELL  AS  LONG-TERM 
RELIABILITY  AND  MlNlNAL  ENV 1RONNENTAL  INPACT.  THE  HE ■  NASA 
SYSTEM  COULD  ME  SCALED  UP  IN  THE  HEAT  SEVERAL  YEARS.  DEPENDING 
ON  FUNDING.  ID  PROV IDE  ELECTRIC  PO«ER  COMPANIES  ■ 1 TM  AN 
EFFICIENT  MEANS  OF  LOAD  LEVELING  -  THE  STONING  OF  THOUSANDS  OF 
KWH  OF  ENERGY  DURING  LOa  DEMAND  PERIODS  FOR  USE  LATER  DURING 
PERIODS  OF  MAXIMUM  POWER  CONSUMPTION.  NOME  IMMEDIATELY.  REDOX 
SYSTEMS  IN  T*C  KILOWATT  RANGE  COULD  HELP  TO  SPEED  THE  GROWTH  OF 
SOLAR  ELECTRIC  ( PMQ TOVOL TA I C I  AND  MIND-ENERGY  SYSTEMS  IHIRE  THE 
COST  OF  ELEC  *4  I  CAL  STORAGE  HAS  SEEN  AN  IMPORTANT  CONS  I DE  A  A  T I  CM 
SINCE  STORAGE  IS  NECESSARY  FOR  THE  TIMES  THE  SUN  IS  MOT  SHINING 
OR  THE  BlNO  IS  MOT  ML  OB  1  ML. 

COMPARATIVE  EVALUATIONS! ECONOMICS:  Ul JEFF ICt EMC V {ELECTRIC 
UTILITIES:  T2I  ENVIRONMENTAL  IMPACTS  IEVALUAT  ION!  LE  AO-AC  IO 
BATTER  lESiLOFO  MANAGEMENT  I  OFF -PEAK  ENERGY  STORAGE!  T3i 

photovoltaic  power  peantsimedox  fuel  cells:  ti. 02.03; 

RELl  At)  1L1 T V. Ml  M3  POWER  PLANTS 
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79R0099640 

POWER  SUPPLIES  FOR  ARCTIC  RADIO  REPEA1ER  SYSTEMS 
NAGY.  G.D. 

DEFENCE  RE SC XR CM  ESTABLISHMENT.  OTTAWA.  ONTARIO  ( CANADA | 
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Y  A03/NF  AO  1. 

SEP  1976 

EDB— 260902 ! 30OS62 {300362 1070302 ! I  70601 
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THIS  FEASIBILITY  STUDY  ASSESSES  VARIOUS  LONG-LIVED. 
SELF-CONTAINED  30-WATT  POWER  SUPPLIES  FOR  AN  ARCTIC  RADIO 
REPEATER  SVSTER.  THE  STUDY  INVOLVES  A  REVIEW  OF  THE  STATE  OF 
TIE  ART.  AVAlLMILlTV  AND  COST  OF  FIVE  CANOIOATE  SYSTEMS! 
BATTERIES.  F  LE  L  CELLS.  RADIOISOTOPIC  THERMOELECTRIC  GENERATORS. 
FUELED  THERROELECTRIC  GENERATORS  AND  WINONILL-BAT TEHV  SYSTEMS. 
TIC  ABOVE  FIVE  CANDIDATES  WERE  ALSO  ASSESSED  AS  STANDBY  POWER 
UNITS.  RELIABILITY.  SERVICE  AND  MAINTENANCE  REQUIREMENTS  ARE 
CONSIDERED  SINCE  THE  APPLICATION  CALLS  FOR  O'*.  YEAR  UNATTENDED 
OPERATION  AMD  SERVICING  BY  LIGHT  HELICOPTER  ON  A  SINGLE  ANNUAL 
FLIGHT  FOR  ALL  SITES.  ONLY  ZINC/AIR  BATTERIES  WITH  LEAO/ACID 
BATTERIES  FOR  THE  STAMOSV  SYSTEM  ARE  AVAILABLE  MOW.  THEIR  COST 
IS  MODERATE.  BUT  ZlNL/AIR  CELLS  ARE  HEAVY  AND  MUST  BE  REPLACED 
EACH  YEAR.  OTHER  SYSTEMS  COULD  BE  AVAILABLE  IN  THE  19S0*S  BUT 
T)*.V  WOULD  REQUIRE  VARIOUS  AMOUNTS  OF  DEVELOPMENT  WORK  AND 
E VALUAT  ILF)  |M  AN  ARCTIC  ENVIRONMENT.  RECONMENDATKMS  AND 
PRIORITIES  FOM  DEVELOPMENT  OF  THE  SYSTEMS  WHICH  COULD  REPLACE 
DC  ZINC/AIR  CELLS  AT  A  LATER  OATE  ARE  GIVEN.  (AUTHOR) 

ARCTIC  RtGIOMICUMPARAin*  EVALUATIONS!  Q2  .03.UA.Q6.Q6.07  SCOST  J 
FEASIBILITY  SluOltStFUEL  CELLS!  Ul .TA {LEAD -AC ID  BATTERIES! 

Ol . TZ . LOW  TEMPERATURE IMA  BITE  NANCE {RADIO  EQUIPMENT  PURER 
SUPPLIES!  T I |R AD  10 ISOTOPE  BATTERIES!  Ul. TStRECOMMENOAT IONS ! 
reliability; ihehmullectr ic  generators:  Ql • T6 {WIND  turbines: 

01 • T7{ 2  INC— A  V)  BATTERIES!  01.T3 
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Tic  fuel  cell  energy  systems  AWE  DESIGNED  RITm  and  rithout  a 
utility  connection  for  ekrgcncv  back-up  purer,  sale  of 
electricity  to  the  utility  during  perioos  of  lor  plant  demand 
is  not  cons ice  red.  for  each  of  the  three  industrial 
applications,  conceptual  designs  rere  also  developed  for 

CONVENTIONAL  UTILITY  SVSTENS  RELYING  ON  PURCHASED  ELECTRIC 
PORER  AND  FOSSIL -FIRED  BOILERS  FOR  STEAN/HOI  RATER.  THE  CAPITAL 
INVESTMENT  FIR  EACH  ENERGY  SYSTEM  IS  ESTINATED.  ANNUAL 
OPERATING  COSIS  ARE  ALSO  DETCRNINEO  FOR  EACH  SYSTEM.  THESE  COST 
ESTIMATES  ARE  CONVERTED  TO  LLVEL1/ED  AMHUAL  COSTS  BY  APPLYING 
APPM0PR1ATE  ECONOMIC  FACTORS.  THE  BREAKEVEN  ELECTRICITY  PRICE 
THAT  MOULD  MFKfc  FUEL  CELL  SYSTEMS  COMPETITIVE  HlTH  THE 
CCNVEMT ICMAL  SYSTEMS  IS  PLOTTED  AS  A  FUNCTION  OF  NAPHTHA  PRICE. 
The  SENSITIVITY  OF  THE  BtCAKEVEN  POINT  TO  CAPITAL  INVESTNENT 
AM)  <•«*■  PRICE  IS  ALSO  EVALUATED. 

BNEAKEvENiCMMGESICO-CENEMAT  ION  (ECONOMIC  ANALYSIS:  Ol  {ELECTRIC 
UTIL1TIESIFUEE  CELL  PORER  PLANTS:  Tl  { HYDROCARBON  FUEL  CELLS:  02 
INDUSTRIAL  Plants:  T2tlNVESTMEMT{OPERATING  cost 
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DEVELOPMENT  (F  ADVANCED  FUEL  CELL  SYSTEM.  FINAL  REPORT.  25 
FEBRUARY — 31  OECEMBER  19TB 

GITLOM.  B.I  MEYER.  A.P.  I  BELL.  R.F.I  MARTIN.  R.E. 
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AN  E  APER I  MENTAL  PROGRAM  HAS  CONDUCTED  CONTINUING  THE 
DEVELOPMENT  EFFORT  TO  IMPROVE  THE  HEIGHT.  LIFE.  AM)  PERFORMANCE 
CMAHACIEMISTKA  OF  HVOROGEN-OKVGCN  ALKALINE  FUEL  CELLS  FOR 
ADVANCED  PORER  SYSTEMS.  THESE  ADVANCED  TECFPtOLOGY  CELLS  OPERATE 
RITM  PASSIVE  RATER  REMOVAL  RHICN  CONTRIBUTES  TO  A  lOHER  SYSTEM 
HEIGHT  AM>  Ell  ENDED  OPERATING  LIFE.  ENDURANCE  EVALUATION  OF  IVO 
SINGLE  CELLS  AM)  TVO.  THU-CELL  PLAQUES  HAS  CONTINUED.  THREE  mu 
TEST  ARTICLES  ORE  FABRICATED  AM)  TESTED.  A  SINGLE  CELL 
COMPLETED  7038  HOURS  OF  ENDURANCE  TESTING.  THIS  CELL 
INCORPORATED  A  FVREK  MATRIX.  HYRH  lO-FRAML.  PPF  ANOOE.  AND  A  90 
AU/IO  FT  CAT tOUL.  THIS  CONFIGURATION  HAS  DEVELOPED  TO  EXTEND 
CELL  LIFE.  TU  CELL  PLAQUES  RITM  DEDICATED  FLOM  FIELDS  AND 
MANIFOLDS  FOR  ALL  FLUIDS  DID  NOT  EXHIBIT  THE  CELL-TO-CELL 
ELECTROLYTE  TRANSFER  THAT  LIMITED  THE  OPERATING  LIFE  OF  EARLIER 
MULT  I  CELL  PLAQUES. 

HYDROGEN  FUEL  CELLS!  Tl  IFCRFORMAMCE  {PERFORMANCE  TESTING!  Bli 
SERVICE  LIFE:  DIIREIGHI 
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fSi-J2  ICECTRCLYTE  FUEL  CELL  FOR  ELECTRIC  UTILITY  PORER 
GENERATION 

SR  IN  I  VAGAN.  G.  1  ISAACS.  N.S. 

BROOK HA VEN  NATIONAL  LAB..  UPTON.  NY  (USA) 
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TH  ACCEPTANCE  THAT  COAL  RILL  INCREASINGLY  BE  THE  PRIMARY 
ENHGV  SOURCE  OF  THE  FUTURE.  PARTICULARLY  IN  THE  USA. 

CW>HASIZES  TtE  NECESSITY  FOR  DEVELOPING  HIGH  TEMPERATURE  FUEL 
CELLS  WITH  MOLTEN  CARBONATES  OR  SOLID  ELECTROLYTES.  SOME 
POTENTIAL  ADVANTAGES  OF  SOLID  ELECTROLYTE  OVER  THE  MOLTEN 
ELECTROLYTE  FUEL  CELLS  ARE:  (II  HIGHER  PROJECTED  EFFICIENCIES 
BY  AT  LAST  SS  (SOS  VS  ASS) t  (II)  HIGHER  ATTAINABLE  CURRENT 
DENSITIES.  BY  A  FACTOR  OF  THREE.  AT  CELL  POTENTIALS  OF  ABOUT 
0.7S  VI  (III)  M)  NEED  TO  RECYCLE  THE  COASUb  2S  STREAM  FROM 
AMIDE  TO  CATHODES  (IV)  NO  CELL  CORROSION  PROBLEMS)  AND  (V) 
STABLE  ELECTROLYTES.  BROWN.  BOVER I  AND  C)E  HAVE  RUN  A  SINGLE 
CELL  FOR  OVER  AO .000  HOURS  AND  A  MULT  I -CELL  STACK  FOR  OVER 
10.000  HOURS.  A  RESTINGHOUSE  MULTI-CELL  STACK  ( S  CELLS)  MAS 
DESIGNED.  FABRICATED  AND  TESTED  FOR  OVER  TOO  HOURS.  THE 
OPERATING  CELL  CHARACTERISTICS  (200  NA  CMSSUP  -2S  AT  0.7  VOLTS) 
ARE  ENCOURAGING  IN  RESPECT  TO  MEETING  POWER  PLANT  PERFORMANCE 
GOALS.  SOLID  ELECTROLYTE  FUEL  CELL  POaER  PLANTS  APPEAR 
PROMISING  FOR  LARGE  SCALE  POWER  GENERATION  AFTER  THE  YEAR  2000. 
COAL  FUEL  CELLS:  T  2 (COAL  GAS  IF ICAT ION ) COMPAR AT 1 VE  EVALUATIONS; 

corrosion; current  uensity;efficiencv;electrolvtes;fuel  cell 
power  plants:  tihigh-temperature  fuel  cells:  ti; IONIC 
CWDUCT  ivity  ;qperat  ion  ;  performance  :  01  .02;  RE  views;  sol  id 
electrolytes 
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HIGH  ENERGY  DENSITY  MAR  I  Ft  FUEL  CELL  SYSTEM. 

URBACH.  H.S.S  aOERNER.  J -A . 

DAVID  a.  TAYLOR  NAVAL  SHIP  RESEARCH  AND  DEVELOPMENT  CENTER. 
AFMAPOLIS.  MD 
MARINE  PRO  PULS  ION 
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WINTER  MCE  TIM.  OF  TIC  ASM 
NEW  TURK.  NY.  USA 
S  OEC  1976 

AMR  I  CAN  SOCIETY  OF  MECHANICAL  ENGINEERS.  NEW  YORK.  NY 
1976 

C0B-30GS0* 

EOb- 300*0* 

BECAUSE  OF  TM  HIGH  EFFICIENCY  OF  FUEL  CELLS  THEY  ARE  UNIQUELY 
SUITED  TO  POMRING  SMALL  SUBMtRSIBLES  WHERE  EXTENUEO  RANGE  OR 
MISSION  TIME  IS  NEEDED.  MVENTHElESS.  FUEL-CELL  PUWtR  HAS  BEEN 
USED  ONLY  TO  OPERATE  LIGHTING  SYSTEMS  IN  ONE  OF  COUSTEAU'S 
DIVING  SAUCE  MS .  HOWEVER.  A  FUEL  CELL  POWER  PLANT  DESIGNED  FOR 
SHIP  PROPULSIONS  PRESENT  LV  UNDERGOING  INSTALLATION  IN  THE  DEEP 
SUBMERGENCE  RESCUE  VEHICLE  (DSHV).  ALTHOUGH  THE  POWER-WEIGHT 
RATION  OF  THE  DSHV  POWER  PLANT  IS  ATTRACTIVE  WHEN  COMPARED  WITH 
BATTERIES  AMD  OIESEL  ENGINES.  IT  IS  THE  ENERGV-WE IGHT  RATIO 
■HICH  MOTIVATES  FUEL-CELL  APPLICATION.  E  KAMI  MAT  ION  OF  THE 
EMRGV  SUBSYSTEM  OF  THE  DSRV  VEHICLE  SHOWS  THAT  THE  PLANT  IS 
CAPABLE  OF  PROVIDING  ONLY  0*22  KWH/KG  OF  ENERGY  SYSTEM  WEIGHT 
BECAUSE  3b  KG  £F  PRESSURIZED  HYDROGEN  ARE  STORED  IN  21B0  KG  OF 
PRESSURE  VESSEL.  ANALYSIS  REVEALS  THAI  FUEL-CELL  ENERGY  SYSTEMS 
UTILIZING  LllFT  METAL  HYDRIDES  AMD  PEROKIUE  YIELD  SIGNIFICANT 
INCREASES  IN  E FCRGY -WEIGH!  RATIOS  AND  THEREFORE  ENDURANCE.  ONE 
HYDRIDE  SYSTEM  COMPRISED  OF  LIH  AND  HSSUB  2606 SUB  26  IS  ALMOST 
NEUTRALLY  GUOYANT  SO  THAT  WHEN  THE  ENERGY  PACKAGE  IS  LOCATCD 
OUTSIDE  THE  PRESSURE  HULL.  0.83  KWH/KG  IS  YIELDED.  A  CONCEPTUAL 
DESIGN  QF  AM  ADVANCED  WORK  VEHICLE  OF  SO  METRIC  TONS  FITTED 
■  ITHAN  ADVANCED  DSRV  FUEL  CELL  AND  LtH— HSSUB  2606 SUB  26  ENERGY 
PACKAGE  APPE M S  TO  bE  CAPAbLE  OF  A  TOP  SPEED  OF  I*  KM/H  18 
KNOTS)  OR  AN  UNINTERRUPTED  DEEP  SUBMERSIBLE  OPERATION  OF  1 36 
HOURS. 

FUEL  CELLS)  T.wl .02 (HYDRAZINE  FUEL  CELLS I HYDROGEN  FUEL  CELLS) 
hyomogen  per ok iolilithium  hydrides;pehfurmance;ships:  ti; 
SPECIFICATION  ; SUBMARINES:  T2IUSESIWE1GHT 
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AN  INVESTIGATION  OF  THE  POTENTIAL  MARKET  PENETRATION  OF  FUEL 
CELL  TOTAL  EtCRGV  SYSTEMS  I  FLIES!  INTO  THE  NONINOUSTN IAL* 

SINGLE  DUlLOING  MARKET  IS  SUMMARIZED.  NINE  BUILDING  TYPES*  TvO 
TYPES  OF  CONSTRUCT  ION.  AND  THE  TEN  DtPARTMENT  OF  ENERGY  (DOE! 
REGIONS  MERE  USED  TO  MOOEL  THE  MARKET  FOR  THE  TIME  PERIOD 
I0BS — 2000.  MBIT  DATA  DEVELOPED  FOR  THE  PENETRATION  MOOEL 
INCLUDED  SIZE  Dl  STR  IttUT  I UNS  OF  EACH  BUILDING  TYPE  AND 
PERFORMANCE  AND  COST  CHARACTERISTICS  OF  FCTES  AND  COMPETING 
CDtVENT IQNAL  SYSTEMS.  TVU  FULL  CELL  SYSTEMS.  FUEL  CELL  -  HEAT 
PUMP  AND  FUEL  CELL  -  CENTRAL  BOILER  A NO  CHILLER.  MERE  ASSUMED 
TO  COMPETE  VITH  TVO  CONVENTIONAL  SYS1ENS.  ELECTRIC  HEAT  PUMP 
AND  CENTRAL  Or  ILL ER -BOILER  MODELS.  TVO  FUEL  CLLL  SUPPLY 
SITUATIONS  (HI  CONSIDERED:  (A!  ONE  IN  VHICH  ONLY  AO  KVIt! 
NCDULES  HERE  AVAILABLE.  AND  IBI  ONE  IN  VHICH  A  CATALOG  OF  2S . 
40.  IOO.  AND  2  SO  KVIEI  NUDULES  VERE  AVAILABLE.  DATA 
CNARACTER1Z IM>  THE  ECONOMIC  CLIMATE.  THE  INTENDED  MARKET.  AND 
SYSTEM  GUST  AND  PERFORMANCE  VERE  USED  TO  DETERMINE  THE  PRESENT 

value  uf  life-cycle  costs  for  each  system  in  each  market 

SEGMENT.  TVO  MARKET  MODELS  VERE  USED  TO  ESTIMATE  FCTES  SALES. 

IN  1HL  FIRST.  THE  PERFECT  MARKET  MOOEL.  FCTES  SALES  MERE 
ASSUMED  TO  OGCIAI  IN  ALL  SEGMENTS  IN  VHICH  THAT  SYSTEM  HAD  THE 
LOVEST  PRESENT  -VALUED  COSTS.  IR  THE  SECOND.  A  MARKET  DIFFUSION 
MODEL  VAS  USED  TO  OBTAIN  A  MORE  PROBABLE  (AND  LOVER  I  SALES 

estimate  than  that  of  the  perfect  market  model,  results  are 

PRESENTED  AS  FCTES  BALES  FOR  EACH  NAmKET  SEGMENT  BY  FCTES 
NUDULt  S lit  AND  THE  EFFECT  ON  PRIMARY  ENERGY  USE  BY  FUEL  TYPE. 
BOILERS SBUlLOl  NGSICONPARaT IVE  EVALUAT IONS (COST (ECUNOM 1C 
ANALVSISSFINANCIAL  INCENTIVES (FULL  CELLS:  T 1 .02  SHE AT  pumps: 
life-cycle  cost; market inarke ting  research:  gi;performance:pover 
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total  energy  systems:  T2.ui;»astl  heat  utilization 
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FUEL  CELL  POKRPLANT6  MERE  ONE  OF  TEN  CLASSES  OF  ADVANCED 
EIC.RGV  CONVERSION  SYSTEMS  STUDIED  IN  THE  ENERGY  CONVERSION 
ALTERNATIVES  STUDY  IECASI  UNDERTAKEN  BY  NASA ( I  I  FOR  EROA  AND 
MSF.  THE  POWER  PL  ANT  SYSTEMS  HERE  TO  OPERATE  ON  COAL  OR 
COAL-OER1YED  FUELS  AND  WERE  PRIMARILY  FOR  CENTRAL -STAT ION  BASE 
LOAD  POVER  GENERATION.  1!*  OBJECTIVE  OF  EC  AS  VAS  TO  PROVIDE  AN 
EVALUATION  OF  ADVANCED  FOSSIL-FIREO  CENTRAL-STATION  POVCRPLANTS 
UNDER  COMMON  GROUND  RULES  AND  CONSTRAINTS  AMD  TU  A  COMPARABLE 
LEVEL  OF  DETAIL. 

BOTTOMING  CVCLEStCOAL  FUEL  CELLSICOS1 SECUNOMICStEFFlCIENCYi 
FEASIBILITY  STUDIES:  QIIFUEL  CELL  POVER  PLANTS:  T|; 

HIGH— TEMPERA  RjRE  FUEL  CE LLS (PERFORMANCE ISERV ICE  LIFE (SOL  10 
ELECTROLYTES  IS  TEAM  1URBI  l«  S( WASTE  HEAT  UTILIZATION 
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THE  PROJECT • S  OBJECTIVE  BAS  10  DEVELOP  A  MODEL  OR  FRAMEHORK  FOR 
DOE  TO  USE  IN  MANAGING  RESEARCH  AND  DEVELOPMENT  PROGRAMS  TO  THE 
STAGE  AT  BHICH  They  ARE  COMMERCIALIZED  BY  The  PRIVATE  SECTOR, 
PRINCIPALLY  BY  USING  THE  AO  KB  FUEL  CELL  PROGRAM  AS  A  CASE 
StUOY.  A  CONCURRENT  STUOV  OBJECTIVE  BAS  TU  DEVELOP  A  FRAME VORK 
FUN  DOE  DECISIONS  REGARDING  THE  AO  KB  FUEL  CELL  PROGRAM  ITSELF. 
1  HE  GENERAL  (OUtL  FOR  COMMERCIALIZATION  10  OISCUSSEOi 
CCP4CLUS  IONS  OF  THE  STUDY  ARE  PRESENTED;  AND  THE  IMPLICAIONS  OF 
TlfcSE  CONCLUSIONS  FOR  IMMEDIATE  ACTION  BY  DOE  ARC  DETAILED.  IT 
IS  CONCLUDED  THAT  THE  FUEL  CELL  HAS  SUFFICIENTLY  ATTRACTIVE 
CHARACTERISTICS  TO  MAKE  A  SIGNIFICANT  CONTRIBUTION  TO  ENERGY 
POLICY  IF  COSIS  CAN  BE  BROUGHT  OOBN  TO  A  LEVEL  COMPETITIVE  BITh 
CONVENTIONAL  TECHNOLOGIES.  ( BHK I 
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THE  TECHNICAL  REALIZABILITY  AMO  ECONOMIC  USE  OF  HIGH 
TEMPERATURE  FUEL  CELLS  ARE  DEPENDENT  ON  BHETHCH  IT  BILL  BE 
POSSIBLE  10  KILVE  ALL  PROBLEMS  IN  VIEB  OF  TECHNOLOGY  AND 
MATERIAL.  ARISING  PROM  T*t  HIGH  OPERATING  TEMPERATURE.  AND  TO 
ATTAIN  THE  EJECTED  POBER  OENSITV  AND  EFFICIENCY  DATA  FOR  A 
SUFFICIENTLY  LONG  LIFETIME.  EXTENSIVE  RESEARCH  BONK  HAS  BEEN 
DONE  IN  SOME  LABORATORIES  TO  SOLVE  THESE  PROBLEMS.  ABOVE  ALL. 
EFFORTS  HAVE  BEEN  CONCENTRATED  ON  THE  DEVELOPMENT  OF  THE  SOLID 
ELECTROLYTE  •  THE  FUEL-  A  AO  A 1R -ELECTRODE .  AS  HELL  AS  ON  THE 
LIFETIME  TESTING  OF  THESE  COMPONENTS  IN  SINGLE  CELLS. 

FVFtT HEM MORE •  STUDIES  HAVE  BEEN  MADE  CONCERNING  THE  BASIC 
PROBLEM  OF  CCNM-CTlNU  CELLS  IN  SERIES  BY  MEANS  OF  AN 
INTERCONNECTION  MATERIAL.  A  NO  ALSO  ON  THE  DEVELOPMENT  OF  MOOULE 
CONCEPTS  FOR  T»E  CONSTRUCTION  OF  BATTERIES. 

C174NEC 1 ORS  s  Cut  RENT  OENS1  TY  (DESIGN  I  ELEC  TR  1C  CONDUCT  I VI  TV  t 
ELEC TROOES (HIGH— TLMPfcRAlUIE  FUEL  CELLS:  Tl (IONIC  CONDUCTIVITY; 
PERFORMANCE  ism  ICE  LIFE  (SOLID  ELECTROLYTES!  TECtMOLOGV 
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RR1MARY  CAT  C0B-200102 

REPORT  NO  OOE/T  1C - 10025 

AMSTAACT  THIS  DISCUSSION  REPRESENTS  A  QUALITATIVE  ASSESSMENT  OF  THE 

DIMENSIONS  OF  OPINION  CONCERNING  THE  COMMERC IALI2 AT  ION 
POTENTIAL  OP  ADVANCED  ELECTRIC-GENERA1ING  TECHNOLOGIES.  THE 
SNOOP  OF  POTENTIAL  USERS  •  RESEARCH  SPONSORS.  ANO  MANUFACTURERS 
OISLUSSEO  THREE  DIFFERENT  ADVANCED  ELECTRICAL  GENERATION 
TECHNOLOGIES — FLUID  12EO-BEO  COMBUSTION.  FUEL  CELLS.  ANO 
COMBINEO  CYCLES.  THE  GROUP  INDICATED  THAT  ALL  THREE 
TECHNOLOGIES  SHOOED  POTENTIAL  FOn  COMMERCIAL  APPLICATION.  AND 
MADE  A  STRONG  POINT  THAT  THE  CIRCUMSTANCES  APPLICABLE  IN  EACH 
UTILITY  SYSTEM — DEMAND  PATTERNS.  EXISTING  GENERATING  PLANTS. 
FINANCIAL  STATUS.  ENVIRONMENTAL  REQUIREMENTS.  ETC. — AS  OELL  AS 
PERFORMANCE.  COSTS.  AND  OTHER  CRITERIA  OUULD  DICTATE  THE 
CHOICE.  FUEL  CELLS  MAY  ME  MORE  ATTRACTIVE  IN  MEETING  ONE 
UTILITY »S  NEEDS.  MHILE  F LO I O 1 ZED— BED  COMBUSTION  MAY  BE  MORE 
ATTRACTIVE  TO  ANOTHER .  THbSE  TECHNOLOGIES  HAVE  EMERGED  IN 
RESPONSE  TO  S»ECIFIC  UTILITY  NEEDS  RATHER  THAN  AS  TECHNOLOGY 
DEVELOPMENT  KIR  ITS  OMN  SAKE.  TtE&L  TECHNOLOGIES  ARE  SEEN  AS 
IMPORTANT  AS  A  RESULT  OF  NUCLEAR  SLOWDOWN  AND  DIFFICULTY  IN 
FINDING  ADEQUATE  SUPPLIES  OF  COMPLIANCE  COAL.  THE  NEED  FOR 
DEMONS 1RAT ION  PROGRAMS  MAS  STRESSED  TO  PROVIDE  FIRM  EVIDENCE  OF 
COST  ANO  RELIABI LlTV  PRIOR  TO  GENERAL  USE  MV  UTILITIES  IN  WHICH 
GOVERNMENT  FINANCING  WOULD  NEEO  TO  PLAY  A  PART.  CONSIDERABLE 
DISCUSSION  COHERED  ON  HUB  THE  3  TECHNOLOGIES  WOULD  FIT  INTO 
TIC  ENERGY  -SUPPLY  PICTURE  ANO  WHAT  CONTRIBUTION  THEY  MIGHT  MAKE 
IN  TOTAL  ENERGY  SUPPLY. 
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ABSTRACT  A  LITERATURE  AM)  INDUSTRY/ GOVERNMENT  SEARCH  WAS  MADE  ON 

ALTERNATIVE  ENERGY  SOURCES.  THIS  ENERGY  INVESTIGATION  EFFORT 
CONCENTRATED  ON  PHO TO VOL TA I C S.  WIND.  FUEL  CELLS  ANO 
THE RMUELECTR 1C /THERM ION 1 L  GENERATORS  THAT  WOULD  PROOUCE 
ELECTRICAL  ENERGY  AND  APfEAREO  FEASIBLE  FOR  USE  AT  FEDERAL 
AVIATION  A0MB4ISTRATI0N  IFAAI  FACILITIES.  AS  AN  AID  TO  IOENT 1FY 
POTENTIAL  FAA  FACILITIES  WHERE  IT  MIGHT  ME  FEASIBLE  TO  USE  AN 
ALTERNATIVE  ENERGY  SYSTEM.  TWO  OUE  ST  I ONNA I  RE  S  WERE  DEVELOPED 
AM>  DISTRIBUTED  WITH  THE  INTENT  1  HAT  A  FURTHER  IN-OCPTH 
INVESTIGATION  INTO  A  FEW  SELECTED  SITES  WOULD  FOLLOW.  DATA  FROM 
THESE  QUEST I94NA IRES  WERE  RECEIVED  AND  TABULATED.  AS  A  RESULT 
OF  THIS  INVESTIGATION.  IT  WAS  RECOMNENOEU  THAT  THE  FAA  PROCECb 
TO  ESTABLISH  ALTERNATIVE  ENERGY  DEMONSTRATION  SITES  IN  ORDER  TO 
GAIN  CXPtRlEICC  IN  THE  DESIGN.  IMPLEMENT  AT  ION.  ANO  OPERATION  OF 
SUCH  SYSTEMS.  IN  ADDITION  IT  WAS  RECOMMENDED  THAT  DUE  TO  Itf 
CONSTANTLY  CHAWING  AND  FAST  AOVANCING  NATURE  OF  ENERGY 
CQNVERSIUN  SYSTEMS.  1«  FAA  SHOULD  EXPEND  SOME  LEVEL  OF  EFFORT 
IN  CONTINUING  THE  LITERATURE/INQUSTRT/GOVERNNENT  SEARCH 
INITIATED  UNLER  THIS  PROJECT  IN  ORDER  TO  REMAIN  CUNRENT  ON  IK 
SUBJECT.  ALSO  THE  FAA  SHOULD  ESTABLISH  A  CENTRALIZED  DATA 
COLLECTION  AM)  TABULATION  POINT  FOR  ENERGY 
REQUIREMENT S/C ON SUMPTION /COST  DATA  ON  A  FACILITY  BASIS. 
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RESEARCH  AT  THE  INSTITUTE  OF  CAS  TECHNOLOGY  ON  HIGH— TENPERATURE 
FUEL  CELLS  USING  MOLTEN  SALT  ELECTROLYTES  AND  HYDROCARBON  FUELS 
OPERATING  AT  900  TO  I300GSUP  OSF  IS  DISCUSSED.  THE  OPERATION 

AM)  PERFORMANCE  CHARACTERISTICS  IVOCTAGE - CURRENT 

CHARACTERISTICS)  ARE  DISCUSSED.  AND  THE  TEMPERATURE 
DISTRIBUTION  MITH1N  A  CELL  IS  SHOMN.  ALSU.  THE  EFFICIENCY  AND 
ECONOMICS  OF  MOLTEN  SALT  FUEL  CLLL&  ARE  CONSIDERED.  I MHR I 
0 1AGRAM  SIE  COWNI  CS;  EFF  1C  IENCV  {ELECTRICAL  PROPER  TILS; 
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THE  ST  ATE -OF -TIC -ART  OF  FUEL  CELL  TECHNOLOGY  AND  APPLICATIONS 
IN  SPACE  AND  OTHER  SPECIAL  APPLICATIONS  IS  GIVEN.  PROBABLE  NAIN 
REASONS  FOR  CROP  IN  CELL  PERFORMANCE  WITH  TINE.  STORAGE  OF 
ELECTRICAL  EtCRGY.  AND  PROPOSALS  FOR  FUTURE  MORA  UN  FUEL  CLLLS 
ARE  DISCUSSED.  42  REFERENCES.  IWHKI 
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T M  HVORUGEN/CHLIF)  I NE  ENERGY  STORAGE  SYSItM  HAS  bLEN  CONSIDERED 
AT  BNL  FLM  LARGE  SCALE  EM.RGY  STORAGE.  IN  FY IV78  SUNK  INCLUDED 
AN  ASSESSMEN1  OF  SYSTEM  SAFETY  AND  COST.  INVESTIGATIONS  OF  CELL 

performance  lnoe m  conditions  elevated  pressure  and  temperature, 
determination  of  the  transport  properties  of  nafion  membranes 

AM)  ELE  C  TROC Ft  Ml CAL  ENGINEERING  STUDIES.  RESULTS  ARE 
SUMMARIZED. 
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TPE  underlying  principles  of  fuel  cells  are  outlined  and  it  is 
NUTED  THAT  DNC Y  LOS  TEMPERATURE  FUEL  CELLS  HAVE  BtEN  developed 
TO  THE  STAGE  lltRt  POSER  SYSTEMS  HAVE  BEEN  BUILT.  OF  THESE 
CELLS.  TFE  HVURUGEN-AIR  TYPES  ARE  THE  ONLY  ONES  SH1CH  HAVE  BEEN 
BROUGHT  TO  T*C  STAGL  SHE RE  COSTS  ARE  APPROACHING  A  LEVEL  SHERE 

tfe y  could  bl  considered  for  practical  use.  the  fuel  hydrogen 

MAY  BE  GENERATED  FROM  METHANOL.  LIGHT  HYDROCARBONS  OF  LOS 
SULFUR  CONTENT  OR  AMMONIA.  STORAGE  OF  HYDROGEN  IN  THE  FORM  OF 
METALLIC  HYDRIDES  IS  RECEIVING  ATTENTION.  ULTIMATELY  FUEL  CELLS 
SHI  CM  USE  METHANOL  DIRECTLY  SEEM  TO  BE  THE  TYPE  SITH  MOST 
BIDE SPREAD  APPLICABILITY. 
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TWO  VOLUMES  OF  A  REPORT  (J*  A  RESEARCH  PROGRAM  WHICH  WAS  CARRIED 
OUT  TO  ASSESS  THE  TECHNICAL  AND  ECONOMIC  FEASIBILITY  OF 
ALTERNATE  FULL  OPTIONS  F LR  DISPENSED  AND  BASELOAD  UTILITY-SCALE 
FULL  CELL  POMER  PLANTS  ARE  INCLUDED.  THE  ASSESSMENT  COVERS 
COAL-OERIVED  AND  PE 1R0LE  IN  -OCR  I VEO  FUELS.  AND  NEAR-TERM  AND 
ADVANCED  FUEL  CONVERSION  AND  FUEL  CELL  TECHNOLOGIES.  A  FORECAST 
OF  INTERNA  TICK  AL  CRUDE  OIL  PRICES  OVtR  THE  PERIOD  OF  I960  TO 
2000  IS  DEVELOPED.  THREE  OIL-BASED  DISPERSED  FUEL  CELL  AND  SIX 
COAL-BASED  CB4TMAL  FUEL  CELL  PUWEH  PLANTS  WERE  CHARACTERIZED  IN 
TERMS  OF  PROCESS  CONDITIONS.  ENERGETICS.  AND  COST.  THESE 
HARDWARE  E  LE  NO  NT  S  WERE  COMBINED  WITH  THE  FUEL  PRICE  PROJECTIONS 
INTO  A  RELATIVE  COST  COMPARISON  INDEX.  COMPARISON  INDICES  ARE 
PRESENTED  FOR  BOTH  BASELOAD  AND  DISPERSED  FUEL  CELL 
APPLICATIONS  BY  FORECAST  YEAR.  GEOGRAPHICAL  LOCATION. 
TECHNOLOGY,  and  fuel  option,  it  is  SHOWN  that  th.  projected 
PRICES  AND  AVAILABILITY  OF  NAPHTHA  FOR  FIRST  GENERATION 
DISPERSED  FUEL  CELLS  ARE  FAVORABLE  BASED  ON  THE  FORECASTED 
INCREMENTAL  DEMAND  PROFILE  FUR  PETROLEUM  PRODUCTS.  HOWEVER. 
OtMAND  WITH  HIGH  FUEL  CELL  PENETRATION  COULD  CAUSE  A  CONFLICT 

with  petrochemical  users,  therefore  advamceo  fuel  cell  systems 

StClOLD  HAVE  THE  CAPABILITY  TU  USE  LOW  SULFUR  DISTILLATE  OIL. 
MOLTEN  CARBONATE  FUEL  CELLS  INTEGRATED  WITH  NEAR  TERM  COAL 
GASIFICRS  SHOW  PROMISE  Ft*  ECONOMICAL  AND  EFFICIENT  BASCLOAD 
POWER  GEMS  AT  ION.  SYNTHETIC  LIQUID  FUEL  DERIVED  FROM  COAL  IS  FOT 
COMPETITIVE  WITH  PE  TROLEUM-OER1 VED  FUELS  IN  THE  1960-1990  TIME 

frame.  23  refs. 

AVAILAblLl TV (CHARGtS! COAL (COAL  FUEL  CELLS! COAL  GASiCDMPARAT I VE 
EVALUATIONS! CD ST ! CCUNOM I CS i FORECAST |NG(F 0SS1 L  FUELS!  UIIFUEL 

cell  power  plants:  ti (high-temperature  fuel  cells ;myurucarbon 

Fuel  CELLS (NAPHTHA ! PE  TROLE  UM (Pu WE R  GENERATION 
79C0036720 
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TIE  USE  OF  FUEL  CELLS  FOM  ELECTRIC-UTILITY  SYSTEMS  OR  AS  PART 
OF  AN  ON-SITE  TOTAL  ENERGY  SYSTEM  OFFERS  SEVERAL  ADVANTAGES!  IT 
IS  A  NONPOLL  Ul  1NG  A  NO  WATER-CONSERVATIVE  TECFMOLOGV  WITH  A 
RELATIVELY  HIGH  EFFICIENCY.  IT  LAN  BE  CONSTRUCTED  IN  NODULAR 
UNITS  AND  CAN  BE  LOCATED  CLOSE  TU  THE  LOAD.  THEREBY  REDUCING 
TRANSMISSION  LOSSES  AND  COSTS.  THIS  PAPER  PRESENTS  A  STATUS 
REPORT  ON  The  DOE  FUEL-CELL  PROGRAM  AND  HIGHLIGHTS  OF  SOME  NEW 
PROGRAM  DIRECTIONS. 

ECONOMlCSlEFFI CIENCTICLECTRIC  UTILITIES:  T2 | ENVIRONMENT AL 
EFFECTSIFEASIBILlTY  STUDIESIFUEL  cells:  T3.D1.Q2!PLANN|Ng;POWER 
TRANSMISSION  L 1NES! RESEARCH  PROGRAMS:  01 .03: RESOURCE 
UMSEHVATIONITECHNOLOGV  ASSESSMENT  i  TUT  AL  ENERGY  SYSTEMS:  TliuS 
DOE • UStS (WATER  RESOURCES 

79C00367I9 

EFR I  -EM — 716-w  PP.  323-329 
OEUS  FUEL  CELLS 
PICKETT.  A.P. 

ELECTRIC  POWER  RESEARCH  INST..  PAL  TO  ALTO.  CA 
WORKSHOP  PROCE  SINGS:  DUAL  ENERGY  USE  SYSTEMS 
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STATE  OP  T*  ART  OP  THE  FUEL  CELL.  THE  BENEFITS  OP  FUEL 
CELLS  TO  UTILITY  SYSTEMS.  AS  6ELL  AS  IHt  POltNllAL  USE  OP  PUCl 
CELLS  IN  DUAL  ENERGY  USE  SYSTEMS  ARE  EXPLAINED.  THE  EPRI  FUEL 
CELL  PROGRAM  IS  DEVELOPING  TvO  GENERATIONS  OF  FUEL  CELLS.  THE 
FIRST  GENENATION  OF  CELLS  6 1 LL  OPERATE  ON  NAPHTHA.  HOPEFULLY 
HAVE  A  CAPITAL  COST  OF  A2S0/KW.  AND  HAVE  AN  EFFICIENCY  OF  ABOUT 
36*  I A  HEAT  RATE  OF  9300  BTU/KWHI.  THE  ADVANCED  GENERATION  FUEL 
CELL  I  AVAIL  AIL.  E  IN  ABOUT  S  TO  10  YEARS!  V I  LL  INITIALLY  OPERATE 
ON  LlOUlDS.  AT  6200/X6.  AND  LATER  ON  COAL  INTEGRATED  h|TH  A 
CUAL  GASIFIER  AT  6600/KM.  A  HEAT  RATE  CD  ABOUT  7SOO  BTU/KWH. 

AS*  EFFICIENCY.  MILL  ME  ATTAINED  EITHER  6 1 TH  COAL  UP  LIQUID. 

ACID  ELECTROLYTE  FUEL  CfLLSICOAL  FUEL  CELLSiDEUS:  T 1 I ECONO Ml CS : 
02tEFFlCIENCV:  Q2IELEC1RIC  UT ILI 1 1 ESI ENVIRONMENT AL  EFFECTS SE PR  1  ; 
FUEL  CELLS!  72  INAPH 1HA IOPE RAT  I  ON:  Ul {PLANNING SRESEARCH 
programs:  U2 t&DLFUR 1C  AC  ID {USES 
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thin  film  mm  temperature  solid  electrolyte  fuel  cells 

ISENBERG.  A.U. 

■  CSTINGHOUSE  ELECTRIC  CORN..  PITTSBURGH.  PA 
PROCEEDINGS  (T  T ML  SYMPOSIUM  ON  ELECTRODE  MATERIALS  AND 
PROCESSES  FOR  ENERGY  CONVERSION  AND  STORAGE 
MCINTYRE.  J.D.E. i  SRlNlVASAN.  S.  i  MILL.  F.6.  (EDS.) 

CONF  -770SJI - 

662-691 

meeting  OF  Tf*  ELECTROCHEMICAL  SOCIETY 
PHILADELPHIA.  PA.  USA 
6  MAY  1977 

ELE C TROCHE M UAL  SOCIETY.  INC..  PRINCETON.  NJ 
1977 

EOU— JQ0602 .300 SOI 
CUB -300602 

HIGH  TEMPERATURE  SOLID  ELECTROLYTE  FUEL  CELLS  WHICH  ARE 
FABRICATED  WIT  FOOT  THE  USE  OF  NabLE  MEIAlS.  CAN  OPERATE  AT  A 
CURRENT  DENSITY  OF  OVER  SuO  MA/CN6SUP  26  WHEN  ELECTRICALLY 

interconnected  in  stacks,  the  complex  structure  uf 
interconnected  fuel  cells  demands  matching  materials  properties 

OF  FIVE  STACK  COMPONENTS  WITH  RESPECT  TO  TE6RMAL  EXPANSION. 
NON-REACTIVITY  ANO  THERMODYNAMIC  STABILITY.  PERFORMANCE  OF 
1NTCRCUCMECTED  CELLS  AND  STATE-OF-THE-ART  PREPARATION 
TECHNIQUES  ARE  REVIEWED.  The  life  OF  CELL  stacks  IS  LIMITED 
MAINLY  OUE  TO  MECHANICAL  FAILURE  OF  THE  CELL  INTERCONNECTION. 
NEW  INTERCONNECT  ION  MATERIALS  AND  BETTER  FILM  DEPOSITION 
PROCESSES  ARL  NEEDED  IN  ORDER  TO  INCREASE  STACK  LIFE. 
CCMNECTUMSIFXDRILAT ion:  Ul {FAlLURESiF ILMSiHlGH-TEMPEMATORC  FUEL 

cells:  tiipewornanle:  ouservice  life 
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7930031064 

FUEL  CELL  BATTERY  IN  CONTINUOUS  OPERATION 

ELEKTNIKEN.  V.  16.  NO.  12.  P.  332 

DEC  1977 

IN  GERMAN 

ED6-300S02 

EDM— 300602 

A  REPORT  IS  GI\CN  ON  A  CONTINUOUSLY  OPERATING  AND 
DISTURBANCE -NILE  FULL  CELL  WHICH  HAS  BEEN  IN  OPERATION  FOR  10 
YEARS.  1967/06  THE  CELL  MAS  PUT  INTO  USE  FOR  I  YEAR’S  TESTING 
AS  CURRENT  S(P«_  Y  UF  A  TELEVISION  TRANSDUCER  AND  HAS  BEtN 
WORKING  SINCE  THEN  IN  THE  SIEMENS  RESEARCH  CENTRE  AG  IN 
EH.  AMGEN. 

HVOROGEN  FUEL  CELLS:  Tit  OPEN AT  IONS PERFORMANCE  TES  T IMG I POWER 
MANGE  10-100  MISERY  ICE  LIFE:  Qt 
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LIOUID  FUEL  CELL  ■ I TM  LONG  LIFE 
YANAGIHARA.  N.  (  RAN ABE .  H.  i  IRAKI.  T. 

MATSUSHITA  ELECTR.  IND.  CO..  CENT.  RES.  LAB..  OSAKA.  JAPAN 
NATL.  TECH.  IBP.  (MATSUSHITA  ELECTR.  I NO.  CO..  OSAKA  I .  V.  24. 
NO.  2.  PP.  3 TO -STS 
APR  I STS 

IN  JAPANESE  *1  TH  ENGLISH  ABSTRACT 
E OB— 30SSC 1  ;  300  SO  2 
E  Us -300 SOt 

A  HYDRAS  INC  FUEL  CELL  POKI  SVSTEN  WITH  EXTENDED  LIFE  HAS  BEEN 
DEVELOPED.  T»C  STSTEM  CAN  BE  OPERATED  PITH  LITTLE  MAINTENANCE 
AM>  CARE.  TO  OBTAIN  LONU  SYSTEM  LIFE.  THE  MAIN  EFFORT  MAS 
CENTERED  ON  OBTAINING  A  LONG-LIFE  AIR  ELECTRODE.  PREVIOUSLY 
CONSIDERED  DIFFICULT  TO  FABRICATE.  FURTHER.  EFFORTS  MERE  MADE 
TO  IMPROtft.  RELIABILITY  OF  THE  CELL  ELEMENTS  (FUEL  ELECTRODE. 
ETC.I.  The  DRIVING  pump  ELECTROLYTE.  THE  AUTOMATIC  VOLTAGE 
regulator,  AM)  other  assqliated  devices,  the  system  is  also 
useful  for  ccmtimjous  service  for  more  than  s  or  s  years  by 
SUPPLYING  FUEL  AT  0  .S  YEAR  INTERVALS. 

design:  ui;hvdra2Inl  fuel  cells:  ti (performance  testing:  at; 
PUMPS iRELIABIL IT YISERVICL  LIFE (TEMPERATURE  dependence (VOLTAGE 
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DEP.  NT  IS.  PC  A02/MF  AOI. 

CONTRACT  P-740S-ENG-2B 

SEP  1978 

COB— 300 SUB 

EDO -30 OS  OS 

ORNL/TM— tlkSV* 

PROGRESS  VAS  MADE  IN  THE  MEASUREMENT  AND  INTERPRETATION  OF  EMF 
RELAXATIONS  FOLLOWING  ELLCTRULVS1S  OF  MOLTEN  CARBONATE  FUEL 
CELL  TILES.  AN  LXTLNSIVL  SERIES  OF  MEASUREMENTS  MAS  CARRIED  OUT 
AT  BIOBSUP  0«C  AT  CURRENT  DENSITIES  FROM  29  TO  2BS  MA/CMASUP  2* 
AND  FOR  ELEC'S)  OLVSI S  TIMES  OF  FROM  FIVE  MINUTES  TO  TMO  HOURS. 
Ttt  OBSERVED  DECAY  OF  EMF  SHOMS  RELAXATION  ON  THREE  TIME 
scales:  AN  INITIAL  RAPID  DECAY  ON  THE  TIME  SCALE  OF  DOUBLE 
LAVER  RELAXATION.  FOLLOMEO  BY  A  DECAY  OF  TIE  ORDER  OF  10 
MINUTES  1U  AN  Ml  UR.  CHARACTERISTIC  OF  LIOUIO  STATE  DIFFUSION. 

and  finally  a  very  slom  uecav  (hours  To  davsi  mmich  may  be 

RELATED  TO  SOLID  STATE  EFFECTS  IN  THE  ELECTRODES.  Tnt  MASS 
1RANSPOMT  MODEL  PROVIDES  A  SATISFACTORY  REPRESENTATION  OF  THE 
INTERMEDIATE  RELAXATION.  COMPUTATION  OF  THE  COMPOSITION 
DEPENDENCE  OF  THE  ACTIVITY  COEFFICIENTS  IN  LlSSuB  2BCOSSUB 
3S-KASUB  2 SC (B SUB  3S  MAS  INITIATED  USING  THE  PHASE  DIAGRAM,  THE 
HEATS  (1 F  MIXING  AND  A  MEM  METHOD  FOR  OBTAINING  THE  DERIVATIVE 
OF  THE  ACTIVITY  COEFFICIENTS  RITHQUT  THE  NEED  FOR  EXTRAPOLATION 
AND  EVALUATlLM  OF'  UNNECESSARY  INTEGRATION  CONSTANTS.  THIS 
DERIVATIVE  IS  NEEDED  IN  THE  INTERPRETATION  OF  BOTH  THE  FREE 
ELECTROLYTE  TRANSFERENCE  CELL  MEASUREMENTS  AND  THE  EMF 
RELAXATION  MEASUREMENTS  TO  DETERMINE  RELAIIVE  MOBILITIES  OF 
LITHIUM  AND  POTASSIUM.  SLOM  PENETRATION  UF  L IS SUP  «S  INTO 
MASSIVE  SAMPLES  OF  NlU  IM)ICATEO  THE  NEED  FOR  THINNER  SAMPLES 
IN  STUDIES  OF  LITHIATIUN  OF  NlD  UNDER  FUEL  CELL  CONDITIONS  AND 
FOR  THE  PREPMATION  UF  LITHIATEO  NIO  ELECTRODES  OF  KNOMN  AREA. 

A  SERIES  OF  tOUILIMRAT IONS  IN  LISSUB  2SCOSSUB  3S-KSSUB  2SCOSSUB 
3S  UNDER  COSSUB  2S-OSSUB  2 A  ATMOSPHERES  IS  BEING  CARRIED  OUT 
MITH  SINGLE  CRYSTAL  MAFE(*  GROUND  AND  POLISHED  TO  A  THICKNESS 
UF  0.01  CM. 

ACUMINATES ( CAR  BO NAT  CSiEL EC TRuOES (ELECTROLYSIS (ELECTROLYTES ( 
ELECIROMUT I VL  FORCE (HIGH— TEMPERATURE  FUEL  CELLS:  T1(L1TH1UM( 
LITHIUM  CARBON  ATES(  Ll  THl  UM  COMPOUNDS  (MASS  transfer:  OUMOLTEN 
SALTS(P01ASSIUM:P0T ASSIUM  CARBONATES (RESEARCH  PROGRAMS (SERVICE 
LIFE 
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THYRISTOR  VOLTAGE  SAFETY  FACTOR.  FINAL  REPORT 
RUN  GENA  ST  •  J.S  KIRK,  0. 

POMER  SEM1COIOUCTORS.  INC..  OEVON.  CT  I  USA  I 
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THIS  PROJECT  HAS  INVEST  I GATED  THE  THEORETICAL  ANU  EXPERIMENTAL 
BASES  FUR  REDUCING  THE  DERATING  FACTOR  APPLIED  TO  THYRISTORS 
USED  IN  SOL I D— SI  ATE  CONVERTER  DESIGNS.  THIS  FACTOR •  KNOVN  AS 
THE  VOLTAGE  SAFETY  FACTOR  ( VSF I •  IS  USEO  AS  A  MARGIN  OF  SAFETY 
TO  PROTECT  THrRISTORS  FROM  VOLTAGE  TRANSIENTS  EXPERIENCED  IN 
APPLICATIONS.  FOR  FORCE -UtMNUT ATfcO  (OH  SELF-COMMUTATED) 
CONVERTER  OESKMS.  A  VSF  IN  THE  RANGE  OF  1.4  TO  I.A  MUST  BE 
APPLltU  TO  RESULT  IN  AN  eCOMJMIC  UNIT  FOR  UTILITY  APPLICATION 
VllH  BATTERIES  AND  FUEL  CELLS.  THE  VUHK  REPORTED  SHOVS  THAT 
TMSC  LOP  MARGINS  CAN  BE  USEO  IN  SUCCESSFUL  DESIGNS.  ANO 
DEFINES  ANO  EXAMINES  THE  VSF  COMPONENTS  ANO  THEIR  DEPENDENCE  ON 
•IRCUl 1NY  AND  TNTRISTOR  CHARACTERISTICS. 
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79C0002S40 

ANALYSIS  Of  PERFORMANCE  CAPABILITIES  OF  HEDOX-FU)V  STORAGE 
BATTERIES 

ROY.  A.S.;  KAPLAN.  S.  I  • 

OAK  HIOGE  NATIONAL  LAB..  TN  IUSA) 

S 

DEP.  NT  IS.  PC  A02/NF  AOt. 

CONTRACT  W-740S-ENG-26 

MEETING  CT  TIE  AMERICAN  SECT  ION  OF  The  INTERNATIONAL  SOLAR 
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1976 
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major  physical  performance  parameters  and  economic  factors  of  a 
generalized  (cdox-fl om  storage  battery  system  are  analyzed,  the 

SYSTEM  IS  DIVIDED  INTO  POWER-RELATED  AM)  ENE HGV-NEL A TED 
SUBSYSTEMS.  *(t  ECONOMIC  FACTORS  INCLUDE  PLAMl  CAPITAL  (AND 
OTHER)  COSTS.  ELECTRICAL  ENENgY  LOST  BY  THE  STORAGE -CYCLE 
■  EFFICIENCY.  ANO  A  PENALTY  TERM  FOR  FAILURES.  RELATIONSHIPS 
AW  FORMUL ATtD  FOR  THE  OVERALL  SYSTEM  EFFICIENCY  ANO  SYSTEM 
PERFORMANCE  PARANETERS  (VOLTAGES.  CURRENT  DENSITY. 

STATE -OF -CHARGE  OF  THE  STORAGE  LlUOIO.  ANO  PARASITIC  LOSSES). 
EQUATIONS  FOR  SIZING  ANO  COS11NG  OF  THE  BATTERY  AND  THE  STORAGE 

Tank  subsystems  are  given.  DIRECTIONS  FDR  needed  research  are 
IM)  ICATEO. 

COST JECUNOM1CS ;  Ol ! EFFIC  IENC Y (ENERGY  STORAGE  SYSTEMS:  T2J IRON 
IONS .MATtR IALS (PERFORMANCE (REDOX  FUEL  CELLS!  TI.U2ISI2E 

79C00026JB 

CQNF-771203  PP.  167-169 

ENVIRONMENTAL  ASSESSMENT  OF  MESIOENTIAL  ENERGY  SUPPLY  SYSTEMS 
THAT  USE  FUEL  CELLS 

STEELE.  R.V.  |;  JOHNSON.  G.L.i  C1PRIOS.  G. 

SRI  INTERNATIONAL.  MENLO  PARK.  C 

MIAMI  INTERNATIONAL  CONFERENCE  ON  ALTERNATIVE  EM. ROY  SOURCES 
VEZIRUGLU.  TP.  (ED.) 

IB7-189 

ALTERNATIVE  ENERGY  SOURCES  SYMPOSIUM 
MIAMI  BEACH.  FL.  USA 
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1977 
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COMPARATIVE  STUDY  ANO  EVALUATION  OF  ADVANCED-CYCLE  SYSTEMS. 

FINAL  REPORT 

POME ROT .  B.D.S  FLECK.  J. J. S  MARSH •  V.O. (  BROVN.  D.H. i  SHAH.  R.P. 
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RESEARCH  CORPORATION  INDICATED  THAT  POBLR  SYSTEM  NETWORKS  MIGHT 
BE  BETTER  OPTIMIZED  IF  DISPERSED  STORAGE  DEVICES.  LOCATED  CLOSE 
TO  UMbAN  AREAS.  BLRL  AVAILABLE.  HOMLVLR.  SOME  CAPACITY  MOULD  BE 
NEOUIREO  RHIEH  COULD  OPERATE  AS  STORED  ENERGY  PEAK-SHAVING 
DEVICES  AND  AS  FIRM  CAPACITY  IN  EITHER  THE  PEAK-SHAVING  OR 
CONTINUOUS  INTERMEDIATE  GENERATION  DUTY  REGION  OF  THE  LOAD 
CURVE.  THIS  PAPER  PRESENTS  THE  RESULTS  OF  A  COMPREHENSIVE 
ANALYSIS  FOR  '•DUAL  NODE"  OPERATION  OF  FUEL  CELLS  AS  AN 
intlrnldiatl  LUAD  GENERATION  DEVICE  USING  coal  derived  oh 
DISTILLATE  FUELS  DURING  CERTAIN  f>ERiPOS  ANO  AS  PEAK-SHAVING 
UNITS  IN  CONJUNCTION  R|Th  ELECTROLYZERS  AT  OTHER  TIMES.  IN  TW 
LATTER  CASE.  HYDROGEN  GE AERATED  bY  THE  ELECTRULYZER  RAS  ASSUMEO 
TU  BE  INJECTED  INTO  THE  NATURAL  GAS  NE  TRORK  DURING  OFF-PEAK 
ELECTRIC  DEMAND  PERIODS.  DURING  PEAK  ELECTRIC  DEMAND  PERIODS  AN 
EUUl VALENT  AFOUNT  OF  BTU *S  MOULD  BE  REMOVED  FROM  THE  GAS 
NLTRORK  FOR  CDNVERS ION  TO  ELECTRICITY.  IT  IS  SHORN  THAI  FUEL 
CELL  CAPACITY  IN  COMBINATION  R1TH  ELECTROLYZERS  COULD  GENERATE 
NET  ANNUAL  SAVINGS  TOTALLING  R13I  MILLION  (1974  DOLLARS). 
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BARRELS  ANNUALLY  BY  I9BB.  OTHER  POHEM  SYSTEM  BENEFITS  DUE  TO 
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AUGMENTATION  LIALOSSUB  29  MATRIX  FOR  MOLTEN  CARBONATE  ELECTROLYTES 
REPORT  NO  AML - 76-16 

ABSTRACT  ADVANCED  FUEL  CELL  RESEARCH  ANO  DEVELOPMENT  ACTIVITIES  IN 

AMGONNC  NATIINAL  LABORATORY  (AND  DURING  THE  PERIOD  OCTOBER  TO 
DECEMBER  1977  ARE  DESCRIBED.  THIS  BORK  NAS  BEEN  AIMED  AT 
UNDERST  AM)  IMG  AMD  IMPROVING  THE  PERFORMANCE  OF  FUEL  CELLS 
HAVING  MULTEN  ALKAL I  -CARBONATE  MIXTURES  AS  ELECTROLYTES;  THE 
FUEL  CELLS  DM  RATE  AT  TEM*E  RAT  ORES  NEAR  92S6SUP  06K.  THE 
LARGEST  PART  OF  THIS  EPFCffT  HAS  bEEN  DIRECTED  TOGARD 
DEVELOPMENT  CF  METHODS  F iR  FABRICATING  AND  EVALUATING 
ELECTROLYTE  STRUCTURES  FIR  THESE  CELLS.  CELL  PERFORMANCE.  LIFE. 
ANO  COST  ARE  Tit  CRITERIA  OF  OPTIMIZATION.  DURING  THIS  QUARTER . 


TUt  DESIRABLE  PWYil  CAL  CHARACTERISTICS  OF  LIALU4SUB  2* 

PART  ICCES.  MHIOI  ACT  TO  PC  TAIN  TMt  MOLTEN  CARBONATES  IN  THE 
ELEC  TROLVTE  STRUCTURE  OF  THt  CELL.  MAVt  btEN  NONE  CLE  ARLY 
DEFINED;  A  LO*  TEMPERATURE  irNTHtllt  OF  THE  STABLE 
K>EMMAI-M.LaiRVE  OF  LIALjOSSUB  2»  HAS.  BEEN  DEVISED;  AN 
EXTENSIVE  STUDY  OF  L1ALOASUB  2S  ST  AG  IE  I  TV  HAS  BEGUN!  AND 
ANAL V T I CAE  METHODS  HAVE  BEEN  REFINED  FOR  SEPARATING  LlALOASUB 
24.  IN  UNALTBIED  FORM.  FROM  CARBONATES.  TESTING  OF  VARIOUS 
ELECTROLYTE  STRUCTURES  (W  OTHER  COMPONENTS  IN  7-CM-OIA  ROUND 
CELLS  HAS  PROVIDED  A  MEANS  FUN  EVALUATING  NE V  ELECTROLYTE 
DEVELOPMENTS  AM)  VERIFYING  A  PREVIOUSLY  DEVELOPED  METHOD  FOR 
PROTECTING  TIE  VET-SEAL  AREAS  OF  A  CELL  FROM  COmROSION. 

DESCRIPTORS  ALOMINATES:  M3  {CARBONATE S; CHEMICAL  PRtPARAT 1UN SCORROS I ON 

PROTECT  I  ONI  COST IDES 1GNIE LECTRQL VTE SiF ABRICAT ION:  04! 
HIGH-TEMPERATURE  FUEL  CELLS!  Ml  !L  I THIUM  COMPOUNDS:  M2 ; RA TR 1 X 
materials:  ma.uiimolTEn  sal ts; opt im i z a t i on ;perf orm ance ; se als • 
SERVICE  LIFE  {SYNTHESIS:  U2.Q3 


-62 


ACCESSION  NO. 
TITLE  I  MONO  I 

CORPORATE  AUTh 

SEC  REPT  NO 
PAGE  NO 
AVAILAS ILI TV 
CONTRACT  NO 
DATE 

CATEGORIES 
PRIMARY  CAT 
REPORT  NO 

abstract 


OESCR  1  PICKS 


TWO  090347 

SOLID  POLYMER  ELECTROLYTE  ISPEI  FUEL  CELL  TECHNOLOGY  PROGRAM. 
PHASE  2/2A.  FINAL  REPORT 

GENERAL  ELECTRIC  CO..  Ml LMINGTON.  MASS.  IUSAI.  AIRCRAFT 
EGOlPMENT  OIV. 

NASA  — CR — 1  SI  SO  7;  TPR — 02B-A 
«G 

NT  IS  PC  AOS/MF  AO I • 
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TEST  EVALUATIONS  MERE  PERFORMED  ON  A  FABRICATED  SINGLE  SOLID 
POLYMER  ELECTROLYTE  CELL  UNIT.  THE  CELL  OPERATED  AT  INCREASED 
CURRENT  DENSITY  AND  AT  HIGHER  PERFORMANCE  LEVELS.  THIS  IMPROVED 

PERFORMANCE  mas  obtained  through  a  combination  of  increased 

TEMPERATURE .  INCREASED  REACTANT  PRESSURES.  IMPROVED  ACTIVATION 
TECHNIUUES  and  improved  thermal  control  over  The  BASELINE  cell 
configuration,  the  cell  uemonstratld  a  higher  acid  content 
membrane  mhioi  resulted  in  increased  PERFORMANCE,  reduced 

CATALYST  LOADING  AND  LOM  COST  MEMBRANE  DEVELOPMENT  SHOOED 
ENCOURAGING  IESULTS. 

cost selectrolv n. s;f uel  cells:  ti {performance  testing:  oi; 

POLYMERS tSOL  IDS 


-63 


ACCESSION  MO. 
TITLE  (MONO  1 

CORPORATE  AUTH 

SEC  REPT  MO 
PAGE  NO 
AVAILABILITY 
CONTRACT  NO 
DATE 

CATEGORIES 
PRIMARY  CAT 
REPORT  NO 
ABSTRACT 


DESCRIPTORS 


7BR0090330 

SOLID  POLYMER  ELECTROLYTE  ISPEI  FUEL  CELL  TECHNOLOGY  PROGRAM, 
FMIt  1  / 1 A •  PINAL  REPORT 

GENERAL  ELECTRIC  CO..  VlLMINGTON.  MASS.  IUSAI.  AIRCRAFT 
EUU1PMENT  OIV. 

MASA-CR - 151506!  TPR— OIS 

•2 

NT1S  PC  AOS/IB  AOI. 

CONTRACT  NAS9-I434S 
IT  OCT  1VTS 
EOB-JOOSOI 
COM— 300 SOI 
M — 77-33605 

A  SOLID  POLVICR  ELECTROL YTE  FUEL  CELL  MAS  STUDIED  FOR  The 
PURPOSE  OF  I  IB  ROY  IMG  THE  CHARACTERISTICS  OF  THE  TECHNOLOGY. 
SEVERAL  FACETS  MERE  EVALUATED.  NAMELY:  (II  REDUCE u  FUEL  CELL 
COSTS.  (21  REDUCfcO  FUEL  CELL  MEIGHTl  (31  IMPROVED  FUEL  CELL 
EFFICIENCY!  AND  14)  INCREASED  SYSTEMS  COMPATIBILITY. 
DEMONSTRATED  ADVANCES  MERE  INCORPORATED  INTO  A  FULL  SCALE 
HARDMARE  DESIGN.  A  SINGLE  CELL  UNIT  MAS  FABRICATED.  A 
SUBSTANTIAL  1C  U«EE  OF  SUCCESS  MAS  DEMONSTRATED. 

COST !EFF 1C IEIC  VIELECTROL VTES:  G I IF  AMR t CAT  ION :  Gl IFUEL  CELLS*  Tli 
POL V HE R S ! SOL lO^iME I GHT 


•  I  ILE  tXUMJ  • 
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USING  SHALLOM  SOLAR  PONDS 
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THE  ECONOMICS  mas  analysed  of  a  field  of  shallom  solar  ponus 
that  presumably  supplies  the  heat  for  a  rank i nc  cycle  engine 

USING  REFRIGERANT  R-113  FOR  THE  MORKIMG  FLUID.  WHEN  OPERATING. 
The  ENGINE  SkPPLIES  ISO  AM  OF  SHAFT  POaER.  I2S  AM  OF  THAT  IS 
AVAlLAbLE  FOR  DEEP— HELL  IRRIGATION  PUMPING.  THE  SYSTEM 
COMPONENTS  HAVE  bEEN  CHOSEN  TO  PRODUCE  THE  MAXIMUM  NET 
ENERGY — APRIL  THROUGH  OCTOBER — PER  DOLLAR  OF  INSTALLATION  COST. 
MEATHER  DATA  ARE  FROM  INVOAERN.  CALIFORNIA.  1902  RECORDS  FOR 
MOST  CALCULATIONS.  IT  MAS  ESTIMATED  THAT.  FOR  A  PRIVATE 
INVESTOR.  THE  NEAL  INTER  NIL  RATE  OF  RETURN  FOR  THIS 
INSTALLATION  MOULD  bE  POSITIVE  ONLY  IF  IN  THE  FORSEEABLE  FUTURE 
TIC  COST  OF  CONVENTIONAL  ENERGY  MERE  TO  INFLATE  BE  FASTER  THAN 
IN  COST  OF  THE  COMMODITIES  NEEDED  BV  THE  SOLAR  SYSTEM.  A  17* 
DIFFERENTIAL  ILLATION  NATE  MOULD  PRODUCE  A  10*  RATE  OF  RETURN. 
REDUCTION  IN  COST  OF  THE  SHALLOM  SOLAR  PONDS  POTENTIALLY  COULD 
REDUCE  THE  STSTEM  INSTALLATION  COST  bV  AbOUT  20*. 

CALIFORNIA (CUSTiECONUNICS; ENGINEERING:  021FE ASIblL I TY  STUDIES: 
Ot.U2iFNEONSilNSTALLAT IDNi IRrIGAT ION:  T3i RANkINE  CYCLE  ENGINES: 
U2IREFH  luERAMT  SI  SOLAR  COLLECTORS;  SOLAR  PONDS:  TliSOLAR  MATER 
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ASSESSMENT  OF  THE  FuEL  CELL'S  ROLE  IN  SNALL  UTILITIES.  FINAL 
REPORT 

STEIIZ.  P.S  MAYO.  G.i  TAYLOR.  D.  J  LEHMAN.  H. 

MINNS  AND  MCUDIMELL  EM6WC.ERING  CO..  KANSAS  CITY.  MO.  IUSAI 
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fuel  cell  POtf r  plants  me  expected  to  have  a  hummer  of  unique 

FEATURES  OF  M3  TENT  I AL  BEHC.FIT  TO  SMALL  ELECTRIC  UllLlTT  SYSTEMS 
IICLUOING  EFFICIENT  OPERATION.  AVAILABILITY  IN  SMALL  UNIT 
SIZES.  NIGH  «LI  ABILITY.  A  FLAT  HEAT  MAIL  CURVE.  MINIMAL 
ENVIRONMENTAL  IMPACT.  AND  A  DISPENSED  SITING  CAPABILITY.  THIS 
STUDY  ASSESSED  THE  ROLE  OF  FUEL  CELLS  IN  SMALL  MUNICIPAL  AND 
RUUL  ELECTRIC  UTILITY  SYSTEMS.  IDENTIFIED  THE  FUEL  CELL 
CHARACTERISTICS  MOST  IMPORTANT  TO  ENSURING  1 1 S  SUCCESSFUL 
PENETRATION  CP  TIC  SMALL  UTILITY  MARKET.  AHO  QUANTIFIED  THE 
VALUE  TO  SMALL  UTILITIES  OF  KEY  FUEL  LELL  CHARACTERISTICS.  THE 
STUDY  INVOLVH3  FIVE  TECHNICAL  TASKS  INCLUOING:  (II  ANALYSIS  OF 
SMALL  UTILITY  CHARACTERISTICS;  121  SELECTION  OF  SI*  REFERENCE 
SYSTEMS  AND  EXPANSION  FROM  I960  TO  2000  9ITH  CONVENTIONAL 
GENERATION;  (31  EXPANSION  OF  THE  SIX  NEFEHENCE  SYSTEMS  VITH 
FIVE  FUEL  CELL  TYPES  AND  COMPARISON  MiTN  CONVENTIONAL 
EJ9»ANSlONS;  14  1  OETERMINAT  ION  OF  THRESHOLD  VALUES  FOR  KEY  FUEL 
CELL  CHAMACTRI  ISTICSI  AND  (SI  OUANTIF I  CAT  ION  OF  THE  POTENTIAL 
BENEFITS  ASSOCIATED  VITH  CERTAIN  OF  THE  FUEL  CELL'S  UNIQUE 
FEATURES.  THE  FUEL  CELL  TYPES  EVALUATED  IN  THIS  STUDY  INCLUDED 
A  S-NM  FIRST  SENERATION  FUEL  CELL  OPEN  AT  IMG  OH  NAPHTHA  AND 
l-RV.  S-MV .  IQ-MM.  AND  2S-NH  ADVANCED  FUEL  CELLS  USING  NO.  2. 
OIL.  THE  RESETS  OF  THE  STUOY  SHOV  THAT  THE  FUEL  CELL  HAS  THE 
POTENTIAL  FOR  SIGNIFICANT  PENETRATION  INTO  THE  SMALL  UTILITY 
MARKET*  COMPETING  VITH  CONVENTIONAL  GENERAT I  ON  FROM  THE  BASE 
LOAD  TO  THE  INTERMEDIATE  A NO  PEAKING  RANGES  OF  OPERATION. 
EEPECIALLY  if  The  characteristics  specified  FOR  The  AOVANCEO 
FOOL  CELLS  CAN  BE  ACHIEVED.  TYPICAL  BREAK— EVLN  CAPITAL/COSTS 
RANGED  SET9EEN  S2S0  ANO  S400/KV  FOR  The  VARIOUS  SCENARIOS.  THE 
MAJOR  POTENTIAL  LIMITATIONS  UN  THE  UTILIZATION  OF  THESE  FUEL 
CELL  TYPES  A ME  OIL  AVAILABILITY  AND  PRICE.  IF  FUTURE  OIL  PRICES 
ARE  MUCH  HI6TCR  RELATIVE  TO  OTtCA  FUELS  THAN  AT  PRESENT.  FUEL 
CELL  PENETRATION  HAY  BE  NESTMICTEO  TO  PEAKING  ANO  INTERMEDIATE 
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THIS  PAPER  ADDRESSES  THE  TECHNICAL  AND  COST  ASPECTS  OF  ThE 
ORGANIC  RANK  IN E  CYCLE  AND  ITS  INTERACTION  Ml TH  THE  SOLAR 
COLLECTOR  AS  A  POMER  SYSTEM.  THE  EFFICIENCY  AND  PRACTICAL 
CCNS  lOERAT 10*0  OF  THE  COMBINED  COLLECTOR  AND  RANKlME  SYSTEM 
SHOB  THAT  COLLECTOR  TEMPERATURES  OF  93SSUP  OSC.  1S0-200SSUP 
0  AC .  AND  31SSSUP  OSC  ARE  OPTIMUM  OPERATING  CUNDITIONS  FOR  FLAT 
PLATE.  CONCENTRATORS.  AND  TRACKING  CONCENTRATORS  RESPECTIVELY. 
TIE  PEAK  SOLAR  CONVERSION  EFFICIENCIES  OF  THESE  SYSTEMS  ARE 
APPROXIMATELY  S.  10  AND  II  PER  CENT  RESPECTIVELY.  IT  IS 
ESTIMATED  THAT  IN  A  PRODUCTION  UNIT  THE  RANK  INE  CYCLE  COST  BILL 
BE  APPROXIMATELY  ONE-THI I4J  OF  THE  TOIAL  SYSTEM  COST  B1TH 
TBO-THIRuS  GOING  TO  THE  COLLECTOR  COMPONENT.  CONSEOUENTL V . 
LOB-COST  COLLECTORS  ARE  CRUCIAL  FOR  COMMERCIALIZATION  OF  SDLAR 
RANK  1NE  SYSTEMS. 

cimparative  evaluat ions: concentrating  collectors: cost:  oi.q3: 
design:  oi.q3:B4ERgy  efficiencviflat  plate  collectors :heat 
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TtBRE  ARE  SEVERAL  BAYS  TO  ACHIEVE  GREATER  EFFICIENCY  IN  THE  USE 
OF  ENERGY  FOR  TRANSPORTS  ION  l  REDUCE  DEMAND  FOR  THOSE  SCARCE 
RESOURCES.  SHIFT  TRAVEL  FROM  HIGH-ENERGY  MODES  SUCH  AS  THE 
AUTOMOBILE  TO  MORE  ENERGY— EFF  1C  IENT  MOOES  SUCH  AS  PUBLIC 
TRANS II  .  AND  REDUCE  ENERGY  DEMAND  PER  VEHICLE-MILE  BY  MORE 
E«HGV— EFFICKN1  VEHICLES.  TIME  METHODS  ARE  DISCUSSED  FOR 
REDUCING  ENERGY  DEMAND  PER  VEHICLE-MILE:  ENGINE  IMPROVEMENTS 
AND  ALTERNATIVES!  9CI6HT.  SIZE.  AND  SAFETY  FACTORS!  AND  OTHER 
DESIGN  FEATUFES.  CHANGES  AND  IMPROVEMENTS  MUST  OBVIOUSLY  BE 
MADE  IN  tMtIIC  DESIGN.  VEHICLE  SIZE  AND  BE1GHT.  AND  SAFETY  TO 
MEET  THE  6R0BING  DEMAND  PDM  TRANSPORT ATION  SERVICES  AND  AT  THE 
SAME  TIME  ACHIEVE  EFFICIENCY  IN  THE  USE  OF  ENERGY.  IF  ALL  THE 
AVAILABLE  TEOOOLOGV  IS  APPLIED  TO  EXISTING  PASSENGER  VEHICLES. 
TMt  SAVINGS  COULD  BE  AS  OkCAT  AS  SOS  OF  I HE  ESTIMATED  I9BS 
PROJECTED  FUEL  USE.  THIS  WOULD  SUBSTANTIALLY  EXTEND  THE  SUPPLY 
Of  FOSSIL  FUELS. 

AIR  POLLUTION  CONlR  OL 1AU  TO  MOBILES!  TIIOESIGN!  OltFUEL  ECONOMY! 
DUGAS  TURBINES! POLLUTION  CONTROL  CQUIPMENTSRAMUNE  CYCLE 
ENGINESSSAFCTV  ISIZC  (SPARK  IGNITION  ENGINES ISTRAT  IF  IED  CHARGE 
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ABSTRACT  A  TECHNICAL  ANALYSIS  OF  ENERGY  STORAGE  OE  VICES  AND  ENERGY 

STORAGE  ROVER  SYSTEMS  FOR  AUTOMOBILES  MS  PERFORMED  TO 
DETERMINE  WHICH  DEVICES  AND  DOVER  SYSTEMS  ARE  MOST  LIKELY  TO 
PROVIDE  CREDIBLE  ALTERNATIVES  TO  CURRENT  AUTOMOBILE  PROPULS11A4 
SYSTEMS  bETHEE  N  NOV  AND  THE  YEAR  2000.  ELECTROCHEMICAL. 
MECHANICAL.  AND  CHEMICAL/THERMAL  ENERGY  STORAGE  DEVICES  WERE 
EXAMINED.  AND  THE  LEADING  CANDIDATES  IN  EACH  CATEGORY  WERE 
IDENTIFIED.  VARIOUS  AUTOKIT  I VE  DOVER  SYSTEMS  BASED  ON  THESE 
STORAGE  DEVICES  VLRt  THEN  ANALYZED  AND  COMPARED  TO  EACH  OTHER 
AS  VLLL  AS  TO  IN  TLRNAL -COMBUST  I0N-ENG 1NE  (ICE)  AUTOMOBILES 
DESIGNED  FOR  COMPARABLE  LEVELS  OF  PERFORMANCE.  THE  RESULTS 
SUGGEST  THAT  SOME  ENERGY  STORAGE  VEHICLES  VI LL  OFFER 
PERFORMANCE  ED  UAL  TO  THAT  OF  PRESENT-DAY  ICE  AUTOMOBILES. 
HOWEVER.  ENERGY  STORAGE  VEHICLES  VlLL.  FOR  THE  MUST  PART.  WEIGH 
MURE  ANO  COST  MORE  THAN  COMPARABLE  ICE  VEHICLES. 
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POLLUTION  CONTROL  ALTERNATIVES:  USEPA  PROGRAM 
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ENVIRONMENTAL  PROTECTION  AGENCY.  C1NCIM«AT1 
PROCEEDINGS  OF  THE  12TH  INTEHSOCIETY  ENERGY  CONVERSION 
ENGINEERING  CONFERENCE.  VOL.  I 
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12.  IN  TERSOC IE  TV  ENERGY  CONVERSION  ENGINEERING  CONFERENCE 
WASHINGTON.  DC .  USA 
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AMERICAN  NUCLEAR  SOCIETY.  INC..  LA  GRANGE  PARK »  IL 
1977 

SEE  CONF— 7 70 BO  A - PI 

EDB— S30200 1290 300 ( 300000 ( I  90400 ( 1 SOBMO (320000 
EDB-S30200 

THIS  PAPER  IS  AN  OVERVIEW  OF  A  USEPA  RESEARCH  PROGRAM  ON  ENERGY 
CONVERSION  AK>  CONSERVATION.  THE  PROGRAM  EMPHASIS  IS  ON 
ENVIRONMENTAL  PROBLEMS  OR  BENEFITS  OF  MORE  EFFICIENT  ENERGY 
SVSTERS  OR  OKS  USING  MORE  ABUNOAN1  DOMESTIC  ENERGY  RESOURCES. 
MORE  EFFICIENT  ENERGY  SYSTEMS  CAN  GENERALLY  WE  CONSIDERED  AS 
ENVIRONMENTALLY  ATTRACTIVE  ALTERNATIVES  BUI  THEIR  RELATIVE 
ENVIRONMENTAL— EC  GNOMIC  BENEFITS  NEED  TO  BE  DETERMINED.  ON  THE 
OTHER  HAND.  SOME  SYSTEMS  COULD  HAVE  UNIQUE  PULLUT  ION  CONTROL 
PROBLEMS  BECAUSE  OF  DIFFERENT  OPERATING  CONDITIONS.  USE  OF 
HIGHER  SULFUR  FUELS  AND  FEEDSTOCKS.  OR  POSSIBLE  GENERATION  OF 
HAZARDOUS  POLLUTANTS.  THE  PROGRAM  COVERAGE  INCLUDES  THE 
ENVIRONMENTAL  ASPtCTS  OF  WASTE  ENERGY  UTILIZATION  ANO  OTHER 
EtCRGV  CONSERVATION  MEASURES.  ADVANCED  POWER  SVSTEMS  SUCH  AS 
MACMETOHYDRODY  NAM1CS  (MHDI.  ONtS  USING  HIGH  TEMPERATURE 
TURBINES.  ANO  SOLAR  ANO  «E0T»CRMAL  ENERGY  CONVERSION. 

DIRECT  ENERGY  CONVERS ION (ENERGY  CONSERVATION:  12 (ENERGY 
conversion:  ti (ENVIRONMENTAL  impacts:  oi.o2:fuel  cells: 
geu thermal  eicrgvimho  ge*crators:pollution  control  (research 

PROGRAMS:  01  «Q  2(  SOLAR  ENERGY  (TECHNOLOGY  ASSE  SSMENT  (WASTE  NEAT 
UTILIZATION 
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EXXON  RESEARCH  ANO  ENGINEERING  CO..  LINDEN.  HJ 
PROCEEDINGS  GP  THE  I2TH  INTER SOCIETY  ENERGY  CONVERSION 
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let  POTENTIAL  POLLUTION  ASSOCIATED  B 1 1H  A  CONCEPTUAL  BASE  LOAD 
MOLTEN  CARBONATE  FUEL  CELL  POBER  PLANT  MAS  ASSESSED.  THE 
ASSESSMENT  MAS  BASED  ON  THE  SYSTEM  DESIGN  PREPARED  AS  PART  OF 
ThC  ERDA/NASA/AbF  ENERGY  CONVERSION  ALTERNATIVES  STUDY  (ECASt. 
AIR  POLLUTION  IS  NOT  EXPECTED  TO  BE  A  PROBLEM.  NO/SDb  X/ 
PRODUCED  FROM  AIR  FIXATION  IS  MINIMAL  IN  THIS  SYSTEM  DUE  TO  THE 

LGS  TEMPERATURE  OF  OPERATION  (700 - 7 SO  AS  LA3  OAC).  SULFUR  IS 

REMOVED  FROM  THE  SYNTHESIS  CAS  IMMEDIATELY  AFTER  COAL 
GASIFICATION.  AND  THUS  IS  NOl  A  PROBLEM  ASSOCIATED  • 1 TH  THE 

steam  plant,  tk  major  environmental  problems  arl  seen  to  be 

ASSOCIATED  IITH  ASH  HANDLING  AND  DISPOSAL  FROM  GASIFICATION. 

AND  R1TH  *A T LR  TREATMENT  AND  COOLING  TOaEN  OPERATION  FOR  THE 
STEAM  PLANT.  IN  THE  ECAS  PROGRAM.  THE  COST  OF  ELECTRICITY  BAS 
ESTIMATED  TO  BE  2.87  CENTS /A.  Pi  (MIO-I97S).  OUR  ESTIMATE  IS  A  .A 
CENT S/K art.  PRIMARILY  DUE  TO  HIGHER  CALCULATED  CAPITAL 
REOUIREMtNTS. 

ashes; carbonates; coal  fuel  cellsicoal  gasifi cation ;cooling 
systems ;ldst ;desulfuri2atidn;elements;environmental  impacts:  oi 
fuel  cell  POtfR  plants:  ti;gaseous  aASTEs:Hi cai— temperature  fuel 
cells .molten  salts ; POLLU TION ;POBER  RANGE  lOO-lOOC  mb; TRACE 
AMOUNT  S 
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ECONOMICS  OF  RANXINE-CVCLE  PuBER  RECOVERY  FROM  BASTe  PROCESS 
HEAT 

NULL.  H.R. 

MONSANTO  LO..  ST.  LOUIS 
ENERGY  USE  MANAGEMENT •  VOL.  1 
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1MTEMNATIONAL  CONFERENCE  ON  ENERGY  USE  MANAGEMENT 
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SEE  CONF -77 1  UOU— PI 
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THE  ECONUMIC  RETURN  HAS  BEEN  DETERMINED  FOR  POBER  RECOVERY  VIA 
RANKINE  CYCLE  ENGINES  FROM  BASTE  CHEMICAL  PROCESS  HEAT.  A  BIDE 
RANGE  OF  VARIABLES.  SUCH  AS  POBER  COST.  BASTE  HEAT  LOAD.  AND 
TEMPERATURE  CF  AVAILABLE  HEAT  HAVE  BEEN  CONSIDERED.  GENERALLY. 
VERY  LARGE  BJI&TE  HEAT  LOADS  ARE  REQUIRED  FOR  PROFITABLE  POBER 
RECOVERY.  AND  THE  TENPERATURt  OF  THE  AVAILABLE  HEAT  MUST  BE 
ABOVE  2  7S0SUP  OAF . 

CHEMICAL  INDUSTRY:  TIIECONOM1CS:  Q3IENEMGV  CONSERVATION:  Oi; 
HEAT  EXCHANGERS;  HEAT  RECOVERY  EQUIPMENT:  T  3:  INDUSTRIAL  PLANTS; 
OPERATION:  U3i  PROCESS  HEATIRANXINE  CYCLE  ENGINES:  T2;bASTE  HEAT 
utilization:  QI.Q2 
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PRELIMINARY  CAPITAL.  COST  AMO  SIZE  ESTIMATES  MERE  MADE  FOR  AM 
ELECTROCHEMICAL  BULK  ENERGY  STORAGE  CONCEPT.  THE 
ELECTRDCtCMICAL  SYSTEM  CONSIDERED  MAS  AN  ELECTRICALLY 
RECHARGE ABLE  FLOS  CELL  MITH  A  TITANIUM  TRICHLORIDE  PARALLEL  BAR 
TITANIUM  TETRACHLOR IOE  PARALLEL  BARS  FERRIC  CHLORIDE  PARALLEL 
BAR  FEHRUUS  CHLORIDE  (TICLSSUb  36  PARALLEL  BAR  T1CLSSUB  AS 
PARALLEL  BARS  FECLSSUB  30  PARALLEL  BAH  FECLSSUB  20  PARALLEL  BAR 
REDOX  COUPLE.  THE  PRELIMINARY  CALCULATIONS  MERE  MADE  TO  HELP 
DETERMINE  MHETPCR  THE  RE OOX-PLOM-CtLL  SYSTEM  HAS  AN  ATTRACTIVE 
POTENTIAL  AS  A  BULK  ENERGY  STORAGE  SYSTEM  FOR  POmER  LOAD 
LEVELING.  MITH  THE  RISE  IN  DEMAND  FOR  ELECTRIC  POmER.  THE 

problem  facim.  the  electric  utility  inoustrv  of  meeting  peak 

POMER  DEMANDS  HAS  BEEN  GROMING  MORE  ACUTE.  BECAUSE  PRESENT 

METHODS  CP  meeting  peak  kjmeh  demands  are  not  entirely 

ADEUUATE.  THL  ELECTRIC  UTILITY  INDUSTRY  HAS  BEEN  INTERESTED  IN 
NEa  ME  THUDS  FOR  MEETING  PEAK  POMER  DEMANDS.  ON  THE  BASIS  OF 
CAPITAL  COST  ESTIMATES.  S12E  ESTIMATES.  AND  SEVERAL  OTHER 
IMPORTANT  CON.  IOERAT  IONS.  THE  R  EDO  X-F  COM -CELL  SYSTEM  EMERGES  AS 
HAVING  GREAT  PROMISE  AS  A  BULK  ENERGY  STORAGE  SYSTEM  FOR  POMER 
LOAD  LEVELING.  THE  SI2E  OF  THIS  SYSTEM  MOULD  BE  LESS  THAN  2 
PERCENT  OF  THAT  UF  A  COMPARABLE  PUM>LD  HYDROELECTRIC  PLANT.  THE 
CAPITAL  COST  OF  A  I 0-M.GAMAT T .  60-  AND  BS-MEGAMAT T -HOUR  REDOX 
SYSTEM  MOULD  BE  »I8«  TO  6327  PER  KlLUMATT.  THIS  COST  COMPARES 
MELL  MITH  THAT  OF  COMPETING  SYSTEMS.  ESPECIALLY  MHEH  ONE 
CONSIDERS  THAT  FUR  MANY  SITES  A  SAVING  IN  TRANSN1SSION  COSTS 
(UP  10  6200  Kl  KM  I  COULD  BE  REALIZED  MITH  T  Ft  REDOX  SYSTEM. 
THIS  SAVING  COULD  oE  ACHIEVED  BECAUSE  The  REDOX  SYSTEMS  COUCD 
BE  BUILT  IN  VARIOUS  SIZES  ANO  LOCATED  NEAR  THE  LOAD  CENTERS. 

IR  OTHER  IMPORTANT  FEATURtS  OF  THE  REDOX  SYSTEM  CONTRIBUTING 
TO  ITS  PUHtR -LOAD-LEVELING  APPLICATION  ARE  ITS  LOM  ADVERSE 
ENV l RON MENTAL  IMPACT.  >TS  HIGH  EFFICIENCY.  IIS  APPARENT  ABSENCE 
OF  CYCLE  LIFE  LIMITATIONS.  ANO  ITS  FAST  RESPONSE. 

COST:  ui.u3;fuel  cell  POacR  plants:  13;iron  chlorides: off -peak 
EPC RGY  storage:  12.01 iPUHLIC  UT IL 1 1 lESiRtDOX  FUEL  CELLS:  T1.Q2; 
SIZE .11  TAN  1 UM  CHLORIDES 
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ABSTRACT  A  REVItM  IS  MADE  OP  AVAILABLE  DATA  ON  FUEL  ECONOMIES  OF  THE 

CURRENT  INTERNAL  CUWUSTION  ENGINE -POMERED  AUTOMOBILES  AND  OF 
TPOSE  MITH  ALTERNATIVE  PUMERPLANTS.  COMPARISONS  OF  FUEL 
ECONOMIES  OF  ALL  THESE  ENGINE  SYSTEMS  ARE  MADE  ON  THE  BASIS  OF 
THE  VEHICLE  «.  IGHT/ENGINt  DISPLACEMENT.  AMD  THE  VEHICLE  ME  IGHT 
ALONE.  TIB  TpCRMAL  EFFICIENCIES  ARE  ALSO  COMPARED.  IT  IS  SHOMN 
THAT  SEVERAL  VERSIONS  OF  THE  OIESEL  ENGINE  MHICH  MEET  THE  l«7S 
CLEAN  AIM  AC  1  STAND  ARDS  ANO  MHICH  ARE  ON  THE  ROAD  TODAY  ARE 
MORE  EFFICIENT  THAN  THE  CONVENTIONAL  INTLMNAl  COMBUSTION  ENGINE 
OF  1*73.  MOREOVER .  PHOTOTYPES  OF  OTHLR  ALTERNATIVE  SYSTEMS. 
USING  OTHER  CYCLES  I BRAY  TON.  RANK INE .  STIRLING!  UNDER 
DEVELOPMENT  ARE  ALSO  PRO JECIED  TO  PRO V IOE  HIGHER  EFFICIENCIES 
THAN  THE  CURVE  NT  IONAL  INTERNAL  COMBUSTION  ENGINE  OF  1*73.  ALL 
COMPARISONS  ARE  MADE  USING  THE  FEDEMAL  DRIVING  CYCLE  AS  A 
COMMON  REF  ERIN  CL. 

automobiles:  t t : clean  air  act i comparative  evaluat ionsidiesel 

ENGINES  SENG I  PC  s:  Q| (FEDERAL  TEST  PROCEDURE (FUEL  ECONOMY ; GAS 
TIMB  INESI  INTERNAL  COMBUSTION  ENGINES!  RANK  INfc  CYCLE  ENGINES  IS  12  f 
SPARK  IGNITION  ENGI NESt STIRLING  ENGINES; THERMAL  EFFICIENCY; 
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ABSTRACT  T)C  FUEL  CtLL  MAT  ONE  OAT  BE  A  SERIOUS  COMPETITOR  TO  LARGE 

NUCLEAR  OR  FOSSIL -FUEL  POSER  PLANTS.  BUT.  FOR  NOS.  FUEL  CELL 
POSER  GENERATION  HAS  ITS  GREATEST  APPEAL  AS  AN  AUXILIARY  UNIT 
IN  CONVENTIONAL  POBLR  PLANTS  OR  FOR  ON-SITE  POSER  GENERATION  IN 
A  SINGLE  FAC  TORT  OR  APARTMENT.  ADVANTAGES  OF  THE  FUEL  CELL 
INCLUDE  LOS  KlLLUTANT  LEVELS.  VIRTUALLY  NO  SIZE  RESTRICTIONS. 
HIGH  EFFICIENCY  AND  MULT  I -FUEL  CAPABILITY.  PRESENT  RESEARCH 
SUGGESTS  THE  POSSIBILITY  OF  USING  FUEL  OIL  AND  ULTIMATELY 
RES10UAL  OIL  AM)  COAL  GAS  AS  FUEL  CELL  FUELS. 

OESCR 1PTCMS  EFF  1 C  IENCV  SELL  CTROL  YTESI  EN  V I RONMENTAL  EFFECTSSFONECAST INGSFUfcL 

CELL  POSEN  PLANTStFUEL  CELLS:  T I  i HYDROCARBON  FUEL  CELLS S 
INVERTERSSOPEMAT IONS POSER  GENERA! I  (MS RESEARCH  PROGRAMS: 

technology  assessment:  onus  eroasuses 
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CARROLL.  D.P.I  MOOD.  P.;  GAREIS.  G.E.i  ONG .  C. 
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TID — 27746 

SEVEN  STUDIES  THAT  HAVE  PROVIDED  INFORMATION  IN  THE  AREA  OF 
Fuel  CELL  BENEFITS  ARE  BRIEFLY  DISCUSSED.  NAMELY:  111  NATIONAL 
BENEFITS  ASSOCIATED  SlTH  COMMERCIAL  APPLICATION  OF  FUEL  CELL 
POSERPLANTS—UNI  TED  TECHNOLOGIES  CORPORATION:  121  FUEL  CELL 
BENEFIT  ANALYSIS — ANGOMNE  NATIONAL  LABORATORY!  131  ECONOMIC 
ASSESSMENT  OF  THE  UTILIZATION  OF  FUEL  CELLS  IN  ELECTRIC  UTILITY 
SYSTEMS — PUB Li C  SERVICE  ELECTRIC  AND  GAS  COMPARTS  14 1  THE  ROLE 

AW  ALLOYED  COSTS  OF  FUEL  CELLS  AS  ELECTRIC  GENERATING _ 

DEVICES— BROOIHAVEN  NATICNAL  LABORATORY:  I  SI  C«OA  ELECTRIC 
UTILITIES  STUDY— CRDAS  I 6>  ENERGY  CONVERSION  ALTERNATIVES 
STUDY — NASA.  LEM  IS  RESEARCH  CENTER!  AND  17)  ENERGY  SAVINGS 
ANALYSIS — THE  MITRE  CORPWAT ION.  THESE  STUDIES  PRESENT  A  SIDE 
RANGE  OF  POSSIBLE  BENEFITS  SlTH  VARYING  CONCLUSIONS  AS  TO 
SPECIFIC  BEN? ITS.  HUSEVEM.  ALL  COMCLUOE  THAT  FUEL-CELL 
TECHNOLOGY  MAR HANTS  STRONG  GOVERNMENT  SUPPORT.  THE  EROA  PROGRAM 
OPF  ICE  ANALVAD  THE  RESULTS  OP  THESE  STUDIES.  AND  ESTABLISHED  A 
POSITION  ON  FUEL -CELL  BEWFITS.  THE  RESULTS  OF  THAT  ANALYSIS 
ARE  PRESENTED.  THE  INFORM*  TION  PRESENTED  INCLUDES  THE  EXPECTED 
APPLICATIONS  OF  FUEL  CELLS  IN  THE  NEAR  TERM  IPHIOR  TO  I9BSI  AND 
TIC  ESTIMATED  MARKET  PENETRATION  IN  THE  TEAR  1«BS.  FROM  THE 
ESTIMATED  MAKE!  PENETRATION.  FUEL  AND  POLLAN  SAVING 


PREDICT  IONS  WE  DERIVED.  A  SUMMARY  OF  OTHER  POTENTIAL  BENEFITS 
(ENVIRONMENTAL .  SITING.  ETC. I  IS  ALSO  PRESENTED.  THE  ANALYSIS 
CONCLUDES  THAI  FUEL  CELLS  OFFER  CONSIDERABLE  POTENTIAL  BENEFITS 
A»©  PREDICTS  THAT  MOST  LIKELY  VALUE  FOR  FUEL  SAYINGS  IN  I9BS  IS 
276.000  BARRELS  PER  DAY  AND  A  TAXPAYER  BENEFIT  OF  AT  LEAST  A1 
BILLION  ANNUALLY. 

DESCRIPTORS  COST  BENEFIT  A  NALVS  ISiEC  ONOM  ICS  J  Oi  .02  {FORECAST  INGiFUEL  CELL 

PO«fc«  plants:  T2Ifuel  cells:  tiimarketiservice  lifesus  erda 
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ABSTRACT  PRELIMINARY  GOALS  AND  GUIDELINES  ARE  PRESENTED  FOR  THE 

DEVELOPMENT  (F  LOV-CMISSION  RANK1NL  CYCLE  ENGINE  (RCEI  EXTERNAL 
COMBUSTION  PROPULSION  SYSTEMS  FOR  URBAN  TRANSIT  VEHICLES.  BOTH 
INTERIM  AND  LONG-RANGE  GOALS  FOR  POVER  SYSTEMS  ARE  DESCRIBED. 

SO  THAI  DEVELOPMENT  CAN  PROGRESS  TOMARD  PROTOTYPES  HAYING 
PROPERTIES  ACCEPTABLE  TO  FLEET  OPERATORS.  UNDER  THE  CALIFORNIA 

steam  bus  project,  three  conventional  ao-foot  transit  buses 

•ERE  CONVERTED  TO  RCE  ROVER.  OPERATIONAL  TESTING  DEMONSTRATED 
LOM  EXHAUST  EMISSIONS  AND  REDUCED  NOISE  LEVELS.  bUT  BOTH  »CRE 
JUDGED  CAPABLE  OF  FURTHER  IMPROVEMENT.  ROAD  PERFORMANCE  MAS 
COMPETITIVE  HI  IN  CONVENTIONAL  DIESEL  PROPULSION.  THE  PURPOSE  OF 
IKE  GUIDELINES  PRESENTED  IS  TO  ADDRESS  SEVERAL  OF  THE 
PARTICULAR  AtC  AS  NEEDING  IMPROVEMENT.  EMPHASIS  IS  GIVEN  TO  THE 
NEED  FOR  BETTER  FUEL  ECONOMY.  SYSTEM  RELIABILITY.  AND 
ECONOMICAL  PRODUCTION.  THE  GENERAL  GUlOELlMS  COVER  ONLY  RCE 
POVER  PLANTS.  ALTHOUGH  GUIDELINES  FOR  OTHER  EXTERNAL  COMBUSTION 
SYSTEMS  ARE  RECOMMENDED.  PRINCIPAL  AREAS  COVERED  IN  THE  REPORT 
INCLUDE:  III  A  DESCRIPTION  OF  TM=  BUS  AND  ITS  CHARACTERISTICS; 
121  GENERAL  POKER  SYSTEM  REQUIREMENTS  i  (31  PERFORMANCE  CRITERIA 
(41  FUELS  AND  FUEL  ECONOMY;  tSI  OBJECTIVES  FOR  REDUCTION  OF 
EMISSIONS.  NOISE.  AND  NEAT  RELEASES  (61  OPERAT  1(MAL  SAFETY;  (71 
OPERATING  characteristics;  (B>  RELIABILITY  AND  MAINTENANCE 
factors;  («)  RESOURCES  Ate  MATERIALS  UTILI2ATIONS  1101 
PRODUCT  IUN  CUNSIOERAT  IONS;  (III  COST  PROJECTIONS;  A  NO  (  12 ) 
APPLICATIONS. 

DESCRIPTORS  AUTOMOTIVE  FUELS (Buses:  T1 (COST (DESIGN:  03 (ECONOMICS (EXHAUST 

GASES  (FUEL  E  OIWMY  S  MAI  NT  U4  ANCE  (MATER1 ALSSNUI  SE  (OPERAT  ION  S 
PERFORMANCE  (PRODUCT  lUNSRANMNE  CYCLE  ENGINES;  T3.U1.U2; 
RECOMMfeNOAT  l(MS(REL  I  ANIL  1TV  (  SAFETY  (THERMAL  EFFLUENTS(USES; 
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ABSTRACT  TIC  PRESENT  STATE-OF-THE-ART  OF  PROPULSION  TECHNOLOGY 

APPLICABLE  TO  THE  40-FOOT  TRAHSIT  BUS  IS  REV IE BED.  THE 
APPLICABLE  PROGRAM.  TRAN  Ml  US.  UTILIZES  THE  BEST  AVAILABLE 
COMPONENTS  AM)  TECHNOLOGY  TO  IMPROVE  THE  PERFORMANCE. 
SUITABILITY  (MO  PUBLIC  ACCEPTABILITY  OF  THE  MOTOR  COACH  FOR 
URBAN  HASS  TRANSPORT AT  ION.  MAJOR  COVERAGE  IS  GIVEN  TO  DIESEL 
AND  GAS  TUAN  ME  ENGINES.  CLOSED-CYCLE  ENGINES  SUCH  AS  RANKINE 
AM)  STIRLING  ENGINES  ARE  ALSO  COVERED.  POVER.  HEIGHT.  COST.  AND 
ENVIRONMENTAL  CONSIDERATIONS.  AS  KELL  AS  TRANSMISSION  AND  POKER 
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Tl-E  PURPOSE  OF  THIS  RESEARCH  HAS  BEEN  III  TO  EXPLORE 
ALTERNATIVE  CATALYSTS  TO  PLATINUM  FOR  OASUB  k%  REDUCTION  IN 
PrOSPHORIC  ACID  FUEL  CELLS:  AND  (21  TO  ESTABLISH  THE  FACTORS 
WHICH  CONTROL  THE  CATALYTIC  ACTIVITY  OF  PLATINUM  FOR  OSSUB  2* 
REDUCTION  IN  HASUB  3AP0SSUB  AS.  OSSUB  IS  REDUCTION  HAS  BEEN 
EXAMINED  ON  A  NUMBER  OF  ELECTRODE  SURFACES  WITH  BOTH  RUTAT  INC 
DISK  AND  GAS  F  t£>  ELECTRODES.  PARTICULAR  EMPHASIS  HAS  BEEN 
PLACED  ON  TRANSITION  METAL  MONOMERIC  AND  POLYMERIC 
PHTHALUCVANIICS.  THE  IRON  AND  COBALT  COMPLEXES  HAVE  SUBSTANTIAL 
ACT  I V 1 1 V  FOR  OSSUB  2»  REDUCTION  BUT  ARE  STILL  WELL  SHORT  OF 
THAT  FOR  PT  AND  HAVE  LONG-TERM  STABILITY  PROBLEMS  IN  BSX  HASUB 
3SPOSSUB  AS.  SOLUTION-PHASE  TRANSITION  NETAL  NACROCYCLICS  SUCH 
AS  THE  COBALT  AND  IRON  T ETRASULFONATED  PHTHAlOC VANINES  ADSORB 
VERY  STRONGLY  ON  GRAPHITE  IN  ACIO  AND  ALSO  A  LX  ALINE  SOLUTIONS. 
TtR.SE  ADSORBED  LAYERS  HAVE  BEEN  FOUND  TO  CATALYZE  OSSUB  2* 
REDUCTION  ■  I  Si  Ttt  REACTION  PROCEEDING  THROUGH  PEROXIDE  IN  ACID 
AND  ACM  ALINE  SOLUTIONS.  THIS  IN  SITU  CATALYST  ADSORPTION 
TECHMIGUE  IS  A  PROMISING  APPROACH  TO  ELECTROCATALTSIS.  AS  THE 
RESEARCH  PROCEEDED.  IT  BACAME  INCREASINGLY  EVIDENT  THAT 
TRANSIT  I  UN  METAL  NACROCYCLICS  ARE  NOT  LIKELY  TO  BE  FOUND  THAT 
ARE  SUPERIOR  TO  PLATINUM  IN  TERMS  OF  ACTIVITY  AND  LIFETIME  IN 
PHOSPHORIC  ACID  AT  TEMPERATURES  ABOVE  ISOS&UP  OSC .  CONSEQUENTLY 
THE  OBJECTIVES  OF  THE  PROJECT  WERE  BROADENED  TO  INCLUDE  THE 
IDENTIFICATION  AND  OPTIMIZATION  OF  THE  FACTORS  WHICH  CONTROL 
OSSUB  2S  REDUCTION  ON  PLATINUM  IN  PHOSPHORIC  ACIO.  KINETIC 
STUDIES  ON  PT  IN  PURIFIED  BSS  HASUB  JSPOSSUB  AS  INDICATE  OSSUB 
2S  REDUCTION  VIA  TWU  PARALLEL  MECHANISMS  WITH  THE  NON-PEROXIDE 
PATHWAY  PMEDOI  INANT  OVER  THE  PEROXIDE  PATHWAY.  THE  TAFEL  SLOPE 
IS  -fl.  12  V/DECAOE  AT  POTENTIALS  BELOW  THOSE  FOR  ANODIC  FILM 
FORMATION  AND  IS  ESSENTIALLY  INDEPENDENT  OF  TEMPERATURE  OVER 
I*  RANGE  2b  TO  ISO A SUP  OSC.  THE  HEAT  OF  ACTIVATION  FOR  OSSUb 
2 A  REDUCTION  TO  WATER  IS  APPROXIMATELY  10  KCAL/MOLE. 
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IT  IS  INDICATED  THAT  WEIGHT  FACTORS  IMPOSE  STRINGENT 
LIMITATIONS  tFIR  ENERGY  CONVERSION  SYSTEMS  IN  SPACE  VEHICLES. 
SYSTEMS  K)W  AVAILABLE  OR  HEIM.  DEVELOPED.  AND  THE.  1R 
POTENTIALITIES.  ME  DISCUSSED.  ENERGY  SOURCES  REFERRED  TO 
INCLUDE  CHEMICAL.  ATOMIC.  AND  SOLAR. 

DESIGN!  U2.G3.OA IELECTR1C  BATTERIES:  GI.T3.FuEL  CELLS:  0I.T«| 
SOLAR  CELLS:  QI.T2ISPACE  VEHICLES (SPACECRAFT  POWER  SUPPLIES:  lli 
WEIGHT 


ACCESSION  NO.  TRCOOOA  IOT 

TITLE  PROGRESS  IN  Bib  TARGET  NATURAL  GAS  FUEL  CELL  POWERPLANT 


339 


AUTHORS 
mUtNOND) 
PASS  NO 
COMF  TITLE 
cone  PLACE 
COMF  DAT  E 
PUBL  LOC 
DATE 

DROP  NOTE 
CATEGORIES 
PRIMARY  CAT 

abstract 


OE  SCRIPT  CMS 


DEVELOPMENT  FROG  MAM 
POOOLNV.  W.H. 

twelfth  morlo  gas  conference 

UP.  PAPER  1GU/E-I-73 
12.  MORLO  GAS  CONFERENCE 
NICE.  FRANCE 
»  JUN  1973 

INTERNATIONAL  GAS  UNION.  LONOON 
1973 

SEE  CONF  -73061  34  — 

E0B-300S01 
EOB— 300S01 

TFC  TARGET  PROGRAM  WAS  Formed  IN  1967.  THE  PROGRAM.  WHICH  IS 
JOINTLY  FUNDED  BY  PRATT  AND  WHITNEY  AIRCRAFT  AND  A  NUMBER  OF 
NATURAL  GAS  COMPANIES  IN  THE  U.S. .  CANADA  AND  JAPAN.  IS 
DEDICATED  TO  THE  DEVELOP*  NT  OF  A  NEW  ENERGY  SERVICE  OFFERING 
(IN  WHICH  A  CUSTOMER'S  COMPLETE  THERMAL  AMD  ELECTRICAL  ENERGY 
NEEDS  WOULD  *  PROVIDED  FROM  NATURAL  GAS)  BASED  ON  THE  FUEL 
CELL.  A  DEVICE  WHICH  ELECTMOCHEMICALLY  CONVERTS  FUEL  TO 

ELECTRICITY,  through  the  efforts  of  this  program,  the 
TECHNOLOGY  BASE  FOR  MANUFACTURING  FUEL  CELL  POWEMPLANTS  IS 
BEING  ESTABLISHED  AND  APPLICATION  EXPERIENCE  WITH  PROTOTYPE 
UNITS  IS  BEING  ACQUIRED  AT  A  RATE  PROMISING  LARGE-SCALE 
COMMERCIAL  USE  OF  FUEL  CELLS  WITHIN  THIS  DECADE.  SINCE  THE 
Inception  of  t fe  target  program,  the  recognition  of  problems 
ASSOCIATED  WITH  FUEL  AVAILABILITY.  EMV IRONMENTAL  OUALITV  AND 
THE  ECONOMICS  OF  ENERGY  SUPPLY  HAS  EXPANDED  THE  NEED  FOR  THIS 
DEVICE  BEYOND  THE  U.S.  NATURAL  GAS  INDUSTRY  INTO  VIRTUALLY  ALL 
SECTORS  IF  TIC  WORLD  ENERGY  INDUSTRY.  THE  FUEL  CELL  RESEARCH 

AM)  ENGINEERING  programs  SPONSORED  by  target  provide  the  basis 

FOR  A  NEW  AND  ECONOMIC  ELECTRIC  GENERATION  OPTION  THAT  COULD 
NAVE  A  SUB  STMT  I AL  GLOBAL  IMPACT  ON  EXTENDING  THE  LIFE  OF  OUR 
FOSSIL  FUEL  *  SOURCES  WHILE  MAINTAINING  A  CLEAN  ENVIRONMENT  FOR 
FUTURE  GENERA!  IONS. 
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LONG  TERM  RAPP  INE  CAM. INC -SOLAR  COOLING  SYSTEM  PERFORMANCE  FOR 
RESIDENTIAL  COOLING  IS  SIMULATED  IN  ALBUOWERUUE.  NEW  MEXICO  AND 
MIAMI.  FLORIDA.  FOR  A  FIWD  COLLECTOR  AREA.  THERE  Is  AN  OPTIMAL 
ENGINE  SUE  MICH  WILL  PROVIDE  THE  GREATEST  FRACTION  OF  THE 
COOLING  LOAD  FROM  SOLAR  ENERGY,  BUT  LESS  POWER  THAN  THAT 
REQUIRED  TO  WET  A  DESIGN  DAT  LOAD.  SIZING  TO  MEET  THE  DESIGN 
OAV  LOAD  YIELDS  POOR  RANK INE  ENGINE  PERFORMANCE  AT  OFF  DESIGN 
CONDITIONS  (MAINS  MOST  OF  THE  SEASON.  THERE  IS  AN  OPTIMAL 
STORAGE  SIZE  THAT  IS  LESS  THAN  THAT  RECOMMENDED  FOR  HEATING 
SYSTEMS.  AN  ECONOMIC  STUDY  SNOWS  THAT  THE  RANK  INE  ENG  INE -SOLAR 
COOLING  SYSTEM  STUDIED  HERE  IS  NOT  COST  EFFECTIVE  IN  EITHER  OF 
TIC  LOCATIONS  OtQSEN. 

COOLING  LOAD  SECOWN  ICSIFLORIDASMATMCMAI ICAL  MODELS:  GI  (NEW 
MEXICO  (PERFORM  MICE:  OURANkINE  CYCLE  ENG  IMES  (S IZE  ISOLAR  AIR 
COMDI1 lOICRS  :  11  S SOLAR  COOL  INS  SYSTEMS 
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FlaC  Plate 


Photovoltaic  energy  conversion  systems  are  a  developing  technology. 

Where  available,  data  have  been  included  on  photovoltaic  technologies  still  at 
an  early  stage  of  development.  Development  status  is  probably  best  reflected 
in  the  amount  of  data  available  to  characterize  efficiency.  Of  the  various 
photovoltaic  technologies,  single-crystal  silicon  cell  technology  is  the  most 
developed.  Polycrystalline  silicon,  cadmium  sulfide  (CdS),  and  gallium 
arsenide  (GaAs)  technologies  are  at  a  less  developed  stage. 

As  a  function  of  data  availability,  the  assessment  of  photovoltaic 
technology  considered  individual  cells;  modules,  which  are  integrated  arrays 
of  cells;  and  systems,  which  combine  modules,  structures  to  support  and 
Interconnect  modules,  and  balance  of  system  components  to  produce  an  entity 
capable  of  serving  a  load. 

Enough  information  was  gathered  to  allow  the  determination  of  the 
efficiencies  of  photovoltaic  technologies,  acquisition  cost  of  photovoltaic 
power  systems,  the  weight  of  photovoltaic  power  systems,  and  the  size 
(aperture  area)  of  photovoltaic  power  systems.  Data  used  in  the  analysis  of 
efficiency  are  reported  in  Table  39.  Data  used  in  the  analysis  of  acquisition 
coats  are  reported  in  Table  40.  Data  used  in  the  analysis  of  operation  and 
maintenance  coat,  weight,  and  size  are  reported  in  Table  41. 

Note  that  characteristic  data  for  photovoltaic  energy  conversion  systems 
are  reported  on  a  peak  kilowatt  (kW^)  basis.  This  is  not  the  same  as  the 
average  kilowatt  basis  describing  conventional  energy  conversion  systems  such 
as  diesels.  Although  this  is  the  conventional  method  of  reporting  the 
performance  of  photovoltaic  technologies,  it  is  thus  difficult  to  compare 
different  energy  technologies  on  the  same  basis.  Photovoltaic  conversion 
device  performance  is  established  under  "peak  insolation"  conditions  of  one 
kilowatt  per  square  meter.  A  very  preliminary  method  might  be  to  multiply 
system  characteristics  that  are  stated  on  a  per  peak  kilowatt  basis  by  four  or 
five  to  put  system  characteristics  on  a  "per  average  kilowatt”  basis. 

Applying  the  appropriate  data  anlaysis  technique  —  average  with  standard 
deviation  when  sufficient  data  were  available,  or  average  with  range  — 
resulted  in  the  following  values  for  these  parameters. 
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Tabic  39,  Part  1.  DATA  USED  IN  ANALYSIS  OF  EFFICIENCY  OF  FLAT  PLATE 
PHOTOVOLTAIC  ENERGY  CONVERSION  SYSTEMS 


System 


Efficiency 

(*) 


Silicon  —  Single  12.4 

Crystal  Cell  13.8 

13.8 
15.0 

12.7 

11.6 

10.5 
11.3 
12.0 
11.3 

15.1 
15.0 

11.7 

12.6 

12.2 

11.9 

12.0 

13.8 


Silicon  —  Silicon  11.8 

Crystal  Module  12.8 

9.9 

9.09 

12.3 

12.6 

12.8 

8.5 

8.0 

10.6 

10.1 

11.8 

11.6 

8.8 

7.8 

9.3 

11.0 

12.5 


Silicon  —  Polycrystalline 


9.75 


Table  39,  Part  2.  DATA  USED  IN  ANALYSIS  OF  EFFICIENCY  OF  FLAT  PLATE 
PHOTOVOLTAIC  ENERGY  CONVERSION  SYSTEMS 


System  Efficiency 

Type  (%) 

Silicon  —  Polycrystalline  7.8 

Module 

GaAs  —  Single  Crystal  17.3 

Cell  21.0 

16.0 

12.0 

20.0 

20.0 

17.0 


GaAs  —  Polycrystalline  Cell  14.5 

13.2 


GaAs  —  Thin  Film  Cell  6.3 

6.5 

6.0 

Aaorphous  Silicon  Cell  5.5 

3.0 

2.8 

2.6 

3.2 

2.5 

5.6 

6.0 


Electrochemical  Silicon  Cell 


No  data  available 


Electrochemical  GaAs  12.0 

CdS/Cu  S  9.2 

8.7 
6.0 
9.0 

9.15 

9.0 

7.0 

6.0 

9.1 

7.2 

6.7 


Cu2S/ZnCdS  7.8 
CdSe/ZnSe  5.0 
CdS/CdTe  Single  Crystal  10.5 


Table  39,  Part  3.  DATA  USED  IN  ANALYSIS  OF  EFFICIENCY  OF  FLAT  PLATE 
PHOTOVOLTAIC  ENERGY  CONVERSION  SYSTEMS 


System 

,Type 

CdS/CdTe  Thin  Film 

CdTe/lTO 
CdS/CuInSej  gTe2 
CdS/CuIn0>3Ga0  7Se{ #7Te0>g 
CuInSe2/lTO 

CuInSel.8Te0.8/IT0 
Cu In0  _  3Ga0 . 7  Se  t . 2Te0 . g 

Cu2Te/CdTe 

Zn3P2 

CdS/InP  —  Single  Crystal 

CdS/InP  —  Thin  Film 

CdS/CuInSe2 

InP/ITO 


Efficiency 

(X) 

8.1 

8.7 

Range  2.6  to  8.0 
10.1 
13.0 

5.5 

6.7 

8.3 


12.3 
4.8 
6.1 

15.0 

14.4 
14.0 
15.0 

5.7 

5.2 

5.0 

5.7 

6.6 

5.1 

Range  8.3  to  12.4 
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Table  40.  DATA  USED  IN  ANALYSIS  OF  ACQUISITION  COSTS  OF  FLAT  PLATE 
PHOTOVOLTAIC  ENERGY  CONVERSION  SYSTEMS 


System  Type 


Cell 

Acquisition  Cost 
($/Wnlc) 

8 

Range  5  to  10 


Module 

Acquisition  Cost 

($/W„k) 


9.69 

9.26 

13.05 

11.07 

9.00 

10.87 


Installed  System 
Acquisition  Cost 
( $/WQk^ 


19.85 

18.35 

35.58 

20.00 

40.00 

32.50 

20.54 

18.67 

10.34 

20.04 

34.44 


Table  41.  DATA  USED  IN  ANALYSIS  OF  OPERATION  AND  MAINTENANCE 
COSTS,  WEIGHT,  AND  SIZE  OF  PLAT  PLATE  PHOTOVOLTAIC 
ENERGY  CONVERSION  SYSTEM 


System  Operation  and 
Maintenance  Cost 

_ (1/WnV) _ 


Module  Weight 
( lb/Wnk > 


Module  Size 
( lira  .  3 


107 

79.33 

93.67 

117.3 

93.1 

157.8 

107.6 
136.81 

111.1 

184.2 

146.6 

156.8 

161.8 

156.3 

94.2 

219.6 

219.6 


•\ 


•  >v 


Flat  Plate  Photovoltaic  Energy  Conversion  System  Efficiency 


The  efficiencies  of  flat  plate  photovoltaic  energy  conversion  systems  are 
summarized  in  Table  42.  There  is  no  correlation  of  efficiency  with  power  or 
module  area  since  photovolatic  modules  are  modular  or  Incremental  in 
capacity.  Of  the  technologies  considered,  single-crystal  silicon  cell-based 
photovoltaics  are  the  most  developed  technology  and  are  in  commercial  use. 
Polycrystalline  silicon  photovoltaic  technology  is  essentially  at  experimental 
status.  CdS  thin  film  photovoltaic  technology  is  under  intensive  development 
but  still  essentially  in  experimental  status.  GaAs  single  crystal,  GaAs  thin 
film,  and  amorphous  silicon  photovoltaic  technologies  are  at  experimental 
status  at  a  more  basic  level  than  polycrystalline  silicon.  Electrochemical 
photovoltaic  and  other  developing  photovoltaic  technologies  are  at  a 
laboratory  stage  of  development.  Efficiency  data  for  these  developing 
technologies  are  very  limited  and  where  reported,  efficiency  values  cannot  be 
confidently  used  in  design  without  recognition  of  considerable  uncertainty* 

Acquisition  Cost  of  Photovoltaic  Cells  (PVCA) 

PVCA  -  $8000/ kWp 

Range  ■  $2000/ kWp 

Limited  data  are  available.  Cost  refers  to  single-crystal  silicon-based 
photovoltaic  cells  because  they  are  currently  technically  most  developed  and 
are  most  entenslvely  used  today. 

Acquisition  Cost  of  Flat  Plate  Photovoltaic  Modules  (PVMA) 

PVMA  -  $10490/kWp 

Standard  Deviation  -  $1610/kWp 

Data  gathered  for  PVMA  are  rather  consistent  and  refer  to  silicon-based 
photovoltaic  modules. 

Acquisition  Cost  of  Installed  Flat  Plate  Photovoltaic  Energy  Conversion 
Systems  (PVSA) 

PVSA  -  $24,570/kWp 

Standard  Deviation  -  $9360/kWp 

Parameter  value  is  for  photovoltaic  energy  conversion  systems  based  on 
single-crystal  silicon  cells.  There  is  rather  a  large  spread  in  values  for 


Table  42,  Part  1.  EFFICIENCY  OF  FLAT  PLATE  PHOTOVOLTAIC 
ENERGY  CONVERSION  SYSTEM 


Photovoltaic  Energy 
Conversion  System 


Acronym^ 


Standard 
Deviation  (SD) 
Efficiency  or  Range*  (R) 


Silicon  —  single 
crystal  cell 

SIES 

12.7 

SD  *=  1.4 

Silicon  —  single 
crystal  module 

SIEM 

10.6 

SD  -  1.7 

Silicon  —  poly¬ 
crystalline  cell 

SIEP 

9.8 

SD  *  1.0 

Silicon  —  poly- 
crystalline  module 

SIEPM 

7.8 

N.A. 

GaAs  —  single 
crystal  cell 

GAES 

17.6 

SD  -  3.1 

GaAs  —  polycrystalline 
cell 

GAEP 

13.9 

R  =■  0.6 

GaAs  —  thin  film 
cell 

GAET 

6.3 

R  -  0.2 

Amorphous  silicon  cell 

ASEC 

3.9 

SD  -  1.5 

CdS/Cuxs  cell 

CSEC 

7.9 

SD  -  1.3 

Electrochemical  GaAs 

N.A. 

12.0 

N.A. 

Cu2S/ZnCdS  cell 

N.A. 

7.8 

N.A. 

CdSe/ZnSe  cell 

N.A. 

5.0 

N.A. 

CdS/CdTe  cell 

N.A. 

13.8 

R  -  0.8 

_ Remarks 

At  82.4°F  (28°C) 
At  82.4°F 

At  82.4°F 


Little  data  — 
one  point 


Little  data 
two  points 


Little  data  - 
three  points 


Developing  tech¬ 
nology.  One  data 
point. 

Developing  tech¬ 
nology.  One  data 
point.  Thin  film 
technology. 

Developing  tech¬ 
nology.  One  data 
point. 

Developing  tech¬ 
nology.  Two  data 
points.  Single 
crystal  technology. 
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Table  42,  Part  2.  EFFICIENCY  OF  FLAT  PLATE  PHOTOVOLTAIC 
ENERGY  CONVERSION  SYSTEM 


Photovoltaic  Energy 
Conversion  System 

Type 

Acronym* 

Efficiency 

(T> 

Standard 
Deviation  (SD) 
or  Range*  (R) 

(X) 

Remarks 

CdS/CdTe  cell 

N.A. 

8.4 

R  -  0.3 

Developing  tech¬ 
nology.  Two  data 
points.  Single 
crystal  technology. 

CdTe/ITO  cell 

N.A. 

5.6 

R  -  2.5 

Developing  tech¬ 
nology.  Considerable 
spread  of  limited 
data.  Single  crystal 
technology. 

CdS/CuInSej  gTej  cell 

N.A. 

10.1 

N.A. 

Developing  tech¬ 
nology.  One  data 
point . 

CdS/CuIn0>3Gaf).7 

Se1.7Te0.8  celt 

N.A. 

13 

N.A. 

Developing  tech¬ 
nology.  One  data 
point . 

CuInSe2/ITO  cell 

N.A. 

6.1 

R  -  0.6 

Developing  tech¬ 
nology.  Two  data 
points.  Thin  film 
technology . 

CuInffl.8Te0.8/lTO 

cell 

N.A. 

8.3 

Developing  technology 
One  data  point. 

£uIn0,3Ga0.7Se1.2 

Te0  g/ITO  cell 

N.A. 

12.3 

Developing  tech¬ 
nology.  One  data 
point . 

Cu2Te/CdTe  cell 

N.A. 

4.8 

N.A. 

Developing  tech¬ 
nology.  One  data 
point.  Thin  film 
technology. 

Zn3P2  cell 

N.A. 

6.1 

N.A. 

Developing  tech¬ 
nology.  One  data 
point.  Single 
crystal  technology. 

CdS/InP  cell 

N.A. 

14.6 

R  -  0.4 

Developing  tech¬ 
nology.  Four  data 
points.  Single 
crystal  technology. 

Table  42,  Part  3.  EFFICIENCY  OF  FLAT  PLATE  PHOTOVOLTAIC 
ENERGY  CONVERSION  SYSTEM 


Photovoltaic  Energy 
Conversion  System 

Type 

Acronym^ 

Efficiency 

<x> 

Standard 
Deviation  (SD) 
or  Range*  (R) 
(Z) 

CdS/lnP  cell 

N.A. 

5.4 

R  -  0.3 

CdS/CuInSe2  cell 

N.A. 

5.9 

R  -  0.7 

InP/lTO  cell 

N.A. 

10.2 

R  -  2 

Remarks 


Developing  tech¬ 
nology.  Four  data 
points.  Thin  film 
technology. 

Developing  tech¬ 
nology.  Two  data 
points.  Thin  film 
technology. 

Developing  tech¬ 
nology.  Limited  data 
available. 


*  Standard  deviation  given  when  data  sufficient  to  perform  meaningful  statistical 
analysis.  Range  given  when  only  limited  data  available. 

*  No  acronym  assigned  to  developing  technologies. 
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Installed  system  costs.  This  is  due  primarily  to  the  lack  of  standard  system 
designs  because  of  the  state  of  development  of  these  systems .  Each  design  has 
substantial  engineering  costs  due  to  its  uniqueness.  Many  designs  were  funded 
under  U.S.  Government  programs  and  have  costs  for  instrumentation  and 
monitoring  factored  into  their  costs. 


Weight  of  Plat  Plate  Photovoltaic  Modules  (PVMW) 


PVMW  -  520  lb/kWp 

Standard  Deviation  —  110  lb/kWp 

Data  are  available  for  experimental  modules  only.  No  installed  weight 

data  for  modules  or  systems  are  available. 

Size  of  Photovoltaic  Modules  (PVMS) 

PVMS  -  137.81  ft2/kWp 

Standard  Deviation  »  42.98  ft2/kWp 


Size  refers  to  module  aperture  area,  not  footprint.  Footprint  depends  on 
tilt  angle  of  module.  Footprint  is  about  two  times  PVMS.  There  is  no  corre¬ 
lation  of  unit  size  with  capacity  (kWp).  This  is  due  to  the  modular  nature  of 
photovoltaic  systems.  The  large  amount  of  data  scatter  as  indicated  by  the 
standard  deviation  is  expected  because  of  the  experimental  nature  of  these 
early  photovoltaic  module  design  efforts  that  are  suboptlmal  in  their  space 
utilization.  Another  cause  of  variation  in  size  is  array  efficiency. 

Although  all  modules  are  derived  from  single-crystal  silicon  photovoltaic 
cells,  efficiency  variations  lead  to  different  module  sizes  per  kWp  of 
capacity. 


Data  for  the  parameters  of  operation  and  maintenance  cost,  start¬ 
up/shutdown  time,  and  lifetime  are  scarce  and  insufficient  to  allow  meaningful 
statistical  analysis.  Consequently,  the  best  judgement  is  made  based  on 
available  information,  and  results  are  stated  below. 


Operations  and  Maintenance  Cost  of  Flat  Plate  Photovoltaic  Energ 
Systems  (PVOM) 


Conversion 


PVOM  -  $1480/kWp 
Range  *  $200/ kWp 


Limited  data  are  available  to  characterize  O&M  costs 


Start-Up/ Shutdown  Time 

Start-Up  Time  >15  seconds  to  5  minutes 

Limited  data  are  available.  Start-up  times  are  longer  when  motor 
starting  transient  loads  are  present.  Faster  start-ups  are  possible,  but  the 
system  must  be  oversized  to  meet  motor  starting  loads.  No  data  are  available 
on  shutdown  time,  but  it  may  be  expected  to  be  under  one  minute. 

Litetime 

Lifetime  ■  20  years 

There  isn'  t  extensive  experience  with  photovoltaic  energy  conversion 
systems  that  may  firmly  support  a  lifetime  of  20  years.  However,  limited  data 
cited  in  studies  and  the  inherent  simplicity  and  reliability  of  photovoltaic 
arrays  suggest  that  a  20-year  lifetime  is  possible. 

Thermal  Energy  Available 

None.  In  general,  flat  plate  photovoltaic  systems  operate  at  near 
ambient  temperature  conditions.  Some  designs  recover  thermal  energy  from 
array  cooling  to  provide  space  heating  or  warm  water,  but  the  bulk  of  systems 
are  passively  cooled  by  ambient  air  with  no  heat  recovery. 

Availability  of  Raw  Materials 


Photovoltalcs  based  on  silicon  have  no  constraints  on  materials  availa¬ 
bility.  Silicon  is  abundant;  about  one  atom  in  five  in  the  Garth's  crust  is  a 
silicon  atom.  The  question  is  not  one  of  raw  materials  availability,  but  of 
the  capability  of  Industry  to  supply  the  high  purity  silicon  needed  to  produce 
photovoltalcs.  That  is,  material  availability  is  ample,  but  current  silicon 
refining  capacity  is  not  sufficient  to  support  a  large  solar  industry. 

The  two  photovoltaic  technologies  that  are  major  alternatives  to  silicon 
are  cadmium-  and  gallium-based  cells.  Domestic  supplies  of  cadmium  and  gal¬ 
lium  are  sufficient  to  supply  annual  production  rates  greater  than  several 
thousand  megawatts  per  year.  Identified  U.S.  reserves  of  cadmitm  are  suffi¬ 
cient  to  produce  enough  cells  to  provide  an  annual  output  comparable  to  U.S. 
electricity  consumption.  Known  world  reserves  are  about  five  times  domestic 
reserves  and  define  an  upper  limit  to  the  energy  contribution  of  cadmium-based 
photovoltalcs  of  about  the  total  U.S.  energy  consumption. 


Gallium  samples  should  be  ample.  Host  gallium  is  imported.  However, 
domestic  production  could  be  increased  if  an  attempt  is  made  to  extract 
gallium  associated  with  aluminum  or  zinc  ores,  and  coal. 

Mobility 

The  general  assessment  is  that  flat  plate  photovoltaic  energy  conversion 
systems  have  a  low  potential  for  mobility.  Because  flat  plate  photovoltaic 
collectors  are  subjected  to  considerable  wind  loading  they  must  be  rack 
mounted  and  rigidly  fixed.  They  are  also  space  filling  systems  because  of  the 
low  energy  flux  of  sunlight  and  hence  require  considerable  disassembly  and 
reassembly  for  proper  operation.  Photovoltaic  energy  conversion  systems  are 
heavy.  Modules  alone  weigh  520  pounds  per  peak  kilowatt  of  capacity.  For 
comparison,  a  100-KW  continuous  diesel  energy  conversion  system  weighs  only 
56  pounds  per  average  kilowatt.  The  photovoltaic  system  also  needs  battery 
storage  and  power  conditioning  equipment.  So  a  figure  of  1000  pounds  per  peak 
kilowatt  is  not  unreasonable.  This  large  weight  significantly  limits 
mobility. 

Other  Parameters 

Locational  and  operational  constraints,  reliability,  and  environmental 
factors  are  presented  in  Tables  43,  44,  45,  and  46,  respectively. 
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Table  43.  PLAT  PLATE  PHOTOVOLTAIC  ENERGY  CONVERSION  SYSTEM 
OPERATIONAL  CONSTRAINTS 


Constraint 


Effect 


Remarks 


I.  Part  load  capability 


2.  Overload  capability 


6  A  moderate  constraint.  Part  load 

efficiency  less  than  full  load 
efficiency,  due  to  Input/output 
inefficiencies  of  battery  storage 
or  because  energy  must  be  dumped 
if  storage  is  fully  charged  and 
load  is  small  (grid  connected 
system  may  absorb  excess  energy 
produced,  however).  Minimization 
requires  careful  matching  of 
system  to  load. 

•  No  overload  capability.  Even 

motor  starting  transients  can  be  a 
problem  if  system  is  not  designed 
to  handle  It. 


3.  Load  following  capability  0 


Overall  Assessment:  The  ordinal  score  is  2  indicating  turn-down  capability 
with  high  efficiency  penalty. 


Table  44.  PLAT  PLATE  PHOTOVOLTAIC  ENERGY  CONVERSION 
SYSTEM  LOCATION  CONSTRAINTS 


_ Constraint _ 

1.  Water  requirements 

2.  Manning  requirements 

3.  Fuel  availability  and 
delivery 

4.  Fuel  storage 

5.  Other 


Effect  _ Remarks _ 

0  Needed  only  for  cleaning. 

Deionized/  distilled  water  may  be 
needed  for  electric  storage 
batteries  (e.g. ,  lead-acid). 

0  May  be  highly  automated. 

Experience  is  limited.  Systems  of 
commercial  size  (about  500  kWp) 
may  require  normal  inspect ionand 
maintenance  procedures.  Larger 
systems  may  acquire  comparable 
manning  to  conventional  (e.g., 
diesel)  energy  conversion  systems. 


0  Fuel  is  not  required  by  photo¬ 

voltaic  energy  conversion 
systems.  Fuel  may  be  required  of 
the  backup  system  (if  used),  if 
the  photovoltaic  energy  conversion 
system  is  not  designed  to  meet 
100%  of  load.  Fuel  not  required 
if  system  is  grid  connected. 

0  Only  as  required  by  backup  system 

(if  used). 

•  Required  solar  insolation  a  major 

constraint.  Performance  strongly 
dependent  on  insolation.  Sunny 
locations  maximize  performance. 
Will  not  perform  well  at  high 
latitudes  with  short  winter  days 
(i.e.,  Arctic).  May  perform 
adequately  during  summer  at  high 
latitudes.  Performance  acceptable 
in  lower  48  states. 


Overall  Assessment:  The  ordinal  score  is  3  indicating  average  locational 
constraint. 


Table  45.  RELIABILITY  OF  FLAT  PLATE  PHOTOVOLTAIC  ENERGY  CONVERSION 

SYSTEMS 


_ Constraint _  Effect 

1.  Moving  parts  0 

2.  Operating  temperature  0 

3.  Modularity  of  design  0 

4.  Stress  levels  0 

5.  Corrosion  0 

6.  Other  • 


Remarks 


Performance  is  inversely  sensitive 
to  temperature. 


Photovoltaic  energy  conversion 
systems  are  strongly  Interactive 
with  solar  availability. 

Systems  are  not  generally  sized  to 
carry  100%  of  the  load  and 
frequently  have  a  conventional 
backup  system  to  ensure 
continuous  availability.  Systems 
sized  to  meet  100%  of  the  load  can 
be  expected  to  perform  as 
designed,  but  load  and  insolation 
characteristics  must  be  factored 
into  the  deslng  analysis. 


Overall  Assessment:  The  ordinal  score  is  3  indicating  average  reliability. 


358 


Table  46.  FLAT  PLATE  PHOTOVOLTAIC  ENERGY  CONVERSION  SYSTEM 
ENVIRONMENTAL  CONSTRAINTS 


Constraint 


Amount  of  Uncontrolled  Amount  of  Emissions 
Emmission8  With  Controls 


Degree  of  Difficulty 
In  Meeting  More 
Stringent  Regulations 


•  Thermal 
Discharge 

e  Air  Pollution 


Particulates 


Others 


e  Noise 


e  Odor 


e  Solid  Waste 


e  Chemical  Waste 


Overall  Assessment:  The  ordinal  score  is  5  indicating  minimum  potential  environmental 
constraint. 


Actively  Cooled 

Actively  cooled  photovoltaic  energy  conversion  systems  are  defined  as 
systems  using  sunlight  concentration  to  increase  the  solar  flux  inpinging  upon 
photovoltaic  cells.  Sunlight  concentration  reduces  photovoltaic  cell  area 
requirements  as  compared  to  flat  plate  photovoltaic  energy  conversion  systems 
but  requires  reflective  surfaces  that  track  the  daily  and  seasonal  movements 
of  the  sun,  although  a  few  such  systems  use  fixed  reflectors  to  augment  the 
solar  flux  available  to  flat  plate  photovoltaic  modules.  These  photovoltaic 
energy  conversion  systems  are  characterized  as  active  because  they  use  some 
means  to  cool  the  photovoltaic  cells  so  efficiency  is  not  degraded  by  exces¬ 
sively  elevated  cell  temperatures.  While  flat  plate  photovoltaics  may  use  the 
total  insolation  (direct  plus  diffuse  components);  actively  cooled  photovol¬ 
taics  may  use  only  the  direct  component.  Tracking  the  sun  tends  to  offset  the 
loss  of  the  diffuse  component  of  Insolation  so  that  for  most  geographic 
locations  both  energy  conversion  technologies  receive  about  the  same  annual 
insolation. 

Photovoltaic  energy  conversion  systems  are  a  developing  technology. 

Where  available,  data  have  been  included  on  photovoltaic  technologies  still  at 
an  early  stage  of  development.  Of  the  various  photovoltaic  technologies, 

8 ingle-crystal  silicon  cell  technology  is  the  most  developed.  For  energy 
conversion  parameters  other  than  efficiency,  parameter  values  reported  are 
based  on  single-crystal  silicon  photovoltaic  cell  technology.  Multi  junction 
silicon  photovoltaic  cells,  GaAlAs  single-crystal  cells,  and  split  spectrum 
photovoltaic  energy  conversion  components  are  less  developed  technologies. 
Thermophotovoltaic  and  fluorescent  photovoltaic  energy  conversion  devices  are 
at  the  laboratory  stage. 

As  a  function  of  data  availability,  the  assessment  of  photovoltaic 
technology  considered  individual  cells;  modules,  which  are  Integrated  arrays 
of  cells;  and  systems,  which  combine  modules,  structures  to  support  and 
interconnect  modules,  and  balance  of  system  components  to  produce  an  entity 
capable  of  serving  a  load. 

Enough  information  was  gathered  to  allow  the  determination  of  the 
efficiencies  of  photovoltaic  cells,  modules,  and  systems;  acquisition  costs  of 
photovoltaic  modules  as  purchased  from  the  factory,  installed  cost  of  modules, 
installed  cost  of  photovoltaic  energy  conversion  systems;  weight  of  installed 


modules,  and  size  of  modules  (module  size  Is  based  on  Che  aperture  area  of  Che 
module).  Data  used  in  the  analysis  of  efficiency  are  reported  in  Table  47. 
Data  used  in  the  analysis  of  acquisition  cost,  weight,  and  size  are  reported 
in  Table  48. 

Note  that  characteristic  data  for  photovoltaic  energy  conversion  systems 
are  frequently  reported  on  a  peak  kilowatt  (kWp)  basis.  This  is  not  the  same 
as  the  average  kilowatt  basis  describing  conventional  energy  conversion 
systems  such  as  diesels.  Although  this  is  the  conventional  method  of 
reporting  the  performance  of  photovoltaic  technologies,  it  is  thus  difficult 
to  compare  different  energy  technologies  on  the  same  basis.  Photovoltaic 
conversion  device  performance  is  established  under  “peak  insolation** 
cconditions  of  one  kilowatt  per  square  meter.  A  very  preliminary  method  might 
be  to  multiply  system  characteristics  that  are  stated  on  a  per  peak  kilowatt 
basis  by  four  or  five  to  put  them  on  an  average  kilowatt  basis. 

Applying  the  appropriate  data  analysis  technique  —  average  with  standard 
deviation  when  sufficient  data  were  available,  or  average  with  range  — 
resulted  In  the  following  values  for  these  parameters. 

Actively  Cooled  Photvoltaic  Energy  Conversion  System  Efficiency 

The  efficiencies  of  actively  cooled  photovoltaic  energy  conversion 
systems  are  summarized  in  Table  49.  There  is  no  correlation  of  efficiency 
with  power  or  module  area  since  photovoltaic  modules  are  modular  or  incre¬ 
mental  in  capacity.  Single-crystal  silicon  cell-based  photovoltalcs  are  the 
most  developed  technology  and  are  the  only  technology  that  has  been  used  in 
demonstration  projects.  There  is  little  experience  with  complete  actively 
cooled  photovoltaic  systems  that  are  capable  of  serving  a  load;  however,  the 
limited  data  on  annual  system  efficiencies  that  include  performance  character¬ 
istics  of  balance  of  system  components  such  as  inverters,  batteries,  and 
utility  Interface  are  consistent.  Multijunction  silicon  cells,  GaAlAs  single- 
crystal  cells,  split  spectrum  GaAlAs/sillcon  cells,  thermophotovoltalcs,  and 
fluorescent  concentrators  are  at  the  laboratory  stage  of  development  and  have 
yet  to  be  demonstrated  at  the  scale  of  single-crystal  silicon  cell-based 
systems.  Efficiency  data  for  these  developing  technologies  are  limited,  and 
where  reported,  parametric  efficiency  values  cannot  be  confidently  used  in 
design  without  recognition  of  considerable  uncertainty. 


Table  47.  DATA  USED  IN  THE  ANALYSIS  OF  EFFICIENCY  OF  ACTIVELY 
COOLED  PHOTOVOLTAIC  ENERGY  CONVERSION  SYSTEMS 


System 

Type  Efficiency 

Silicon  —  Single  15.0 

crystal  cell  13.4 

13.0 

13.1 
15.0 

13.2 

14.2 

16.4 

18.3 
18.0 

19.2 
17.0 
17.0 

17.6 

16.6 

14.5 

18.6 
15.5 

15.2 
14.1 
17.8 

14.3 


Silicon  —  Single  12.0 

crystal  module  9.4 

10.65 

10.2 

7.0 

11.4 

9.2 

11.2 

9.5 

10.3 

9.0 

13.0 

9.0 

12.0 

8.0 

7.25 

9.0 


Silicon  — 

20.0 

Multljunctlon  cell 

20.4 

Silicon  — 

8.4 

Single  crystal  cell-based 

9.0 

Systems  —  annual  performance 

8.33 

Including  balance  of  system 

8.34 

V'  V 


Table  47,  Cont.  DATA  USED  IN  THE  ANALYSIS  OF  EFFICIENCY  OF  ACTIVELY 
COOLED  PHOTOVOLTAIC  ENERGY  CONVERSION  SYSTEMS 


System 

Type 


GaAlAs  — 

Single  crystal  cell 


GaAlAs/ Silicon  — 
Split  spectrum  module 


Silicon  — 

Single  crystal 

thermophotovoltaic 

module 

Fluorescent  concentrator 
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Acquisition  Cost  of  Actively  Cooled  Photovoltaic  Modules  (PVMAK) 

PVMAK  »  $9840/ kWp 

Standard  Deviation  -  $1310/kWp 

Cost  refers  to  single-crystal  silicon-based  photovoltaic  cells  because 
they  are  currently  technically  most  developed  and  are  most  extensively  used 
today. 

Acquisition  Cost  of  Actively  Cooled  Photovoltaic  Modules  (PVMAf) 

PVMAF  =■  $85. 37/ft2 

Standard  Deviation  -  $31. 60/ft2 

Cost  refers  to  single-crystal  silicon-based  photovoltaic  cells. 
Significant  data  scatter  due  to  efficiency  variations  among  modules  and 
limited  commercialization  of  technology. 

Acquisition  Cost  of  Installed  Actively  Cooled  Photovoltaic  Modules  (PVMAI) 
PVMAI  -  $126. 00/ ft2 
Standard  Deviation  -  $35. 17/ft2 

Cost  refers  to  single-crystal  silicon-based  photovoltaic  cells. 

Acquisition  Coat  of  Actively  Cooled  Photovoltaic  Energy  Conversion  Systems 
(pvsak) 

PVSAK  -  $28260/kWp 

Standard  Deviation  »  $8330/kWp 

Parameter  value  is  for  photovoltaic  energy  conversion  systems  based  on 
single-crystal  silicon  cells. 

Acquisition  Cost  of  Actively  Cooled  Photovoltaic  Energy  Conversion  Systems 
(PVSAF)' 

PVSAF  -  $228. 05/ft2 

Standard  Deviation  »  $74. 22/ft2 

Parameter  value  is  for  photovoltaic  energy  conversion  systems  based  on 
single-crystal  silicon  cells.  There  is  rather  a  large  spread  in  values  for 
Installed  system  costs.  This  is  due  primarily  to  the  lack  of  standard  system 
designs  because  of  the  early  state  of  development  of  these  systems.  Each 
design  has  substantial  engineering  cost  because  of  its  uniqueness.  Many 
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designs  were  funded  under  U.S.  Government  programs  and  have  costs  for 
Instrumentation  and  monitoring  factored  into  their  costs. 

Size  of  Actively  Cooled  Photovoltaic  Modules  (PVMA) 


PVMA  -  190  f t2/kWp 
Standard  Deviation  3  100  ft2/kWp 

Size  refers  to  module  aperture  area,  not  footprint.  Footprint  is 
dependent  primarily  on  latitude  of  site.  Footprint  is  about  two  to  three 
times  PVMA.  There  is  no  correlation  of  unit  size  with  capacity  (kWp)  due  to 
modular  nature  of  photovoltaic  systems.  The  large  amount  of  data  scatter  as 
indicated  by  the  standard  deviation  is  expected  because  of  the  experimental 
nature  of  these  early  photovoltaic  module  design  efforts  that  are  suboptlmal 
in  their  space  utilization.  Although  all  modules  are  derived  from  single- 
crystal  photovoltaic  cells,  efficiency  variations  lead  to  different  module 
sizes  per  kWp  of  capacity. 

Data  for  the  parameters  of  operation  and  maintenance  cost  and  start¬ 
up/shutdown  time  are  unavailable  and  data  for  installed  module  weight  and 
system  lifetime  are  scarce  and  Insufficient  to  allow  meaningful  statistical 
analysis.  Consequently,  the  best  judgement  is  made  based  on  available 
Information  and  results  are  stated  below. 

Weight  of  Installed  Actively  Cooled  Photovoltaic  Modules  (PVMWF) 

PVMWF  -  13.26  lb/ft2 
Standard  Deviation  -  7.57  lb/ ft2 

Based  on  single-crystal  silicon  photovoltaic  cells. 

Weight  of  Installed  Actively  Cooled  Photovoltaic  Modules  (PVMWK) 

PVMWK  -  1500  lb/kWp 
Standard  Deviation  -  830  lb/kWp 

Based  on  single-crystal  silicon  photovoltaic  cells.  Only  three  data 
points.  Experience  is  limited  and  the  large  range  of  installed  weight  data 
may  be  expected  because  of  the  experimental  nature  of  these  early  photovoltaic 
module  design  efforts  that  are  suboptlmal  in  module  weight  minimization. 


Operations  and  Maintenance  Coat  of  Actively  Cooled  Photovoltaic  Energy 
Conversion  Systems  ( PVAOM) 

No  data  were  found.  The  only  basis  for  photovoltaic  energy  conversion 
system  O&M  costs  is  the  data  obtained  for  the  flat  plate  photovoltaic 
systems.  Requirements  for  cleaning  of  reflective  surfaces  and  maintaining  sun 
tracking  components  may  result  in  somewhat  higher  O&M  costs  for  actively 
cooled  photovoltaic  systems,  A  preliminary  value  that  should  be  used  with 
caution  is  an  O&M  cost  20Z  greater  than  the  O&M  cost  of  flat  plate  system  of 
$1480  ±  200/kWp. 

PVAOM  -  $1776/kWp 

Start-Up/ Shutdown  Time 

Start-up  time  *  15  seconds  to  5  minutes 

Shutdown  time  less  than  one  minute 

Parameter  value  is  based  on  Information  on  flat  plate  photovoltaic  energy 
conversion  systems.  Longer  start-up  is  expected  when  transient  motor  starting 
loads  are  present. 

Lifetime 

Lifetime  •  20  years 

There  isn't  extensive  experience  with  photovoltaic  energy  conversion 
systems  that  may  firmly  support  a  lifetime  of  20  years.  However,  limited  data 
cited  in  studies  and  the  inherent  reliability  of  photovoltaic  arrays  suggest 
that  a  20-year  lifetime  is  possible. 

Thermal  Energy  Available 

Thermal  energy  is  recoverable  from  actively  cooled  photovoltaic  systems 
at  temperatures  up  to  100°C.  The  efficiency  of  silicon-based  photovoltaic 
cells  and  to  a  lesser  extent  GaAs  cells  are  degraded  by  high  operating 
temperatures.  The  purpose  of  acti.e  cooling  is  to  keep  photovoltaic  cell 
temperature  low.  Thermal  energy  available  from  module  cooling  may  be  used  for 
space  or  water  heating. 

Availability  of  Raw  Materials 


Photovoltaics  based  on  silicon  have  no  constraints  on  materials 
availability.  Silicon  is  abundant,  about  one  atom  in  five  in  the  Earth's 


crust  Is  a  silicon  atom.  The  question  is  not  one  of  raw  materials 
availability,  but  of  the  capability  of  Industry  to  supply  the  high  purity 
silicon  needed  to  produce  photovoltaics.  That  is,  material  availability  is 
ample,  but  current  silicon  refining  capacity  is  not  sufficient  to  support  a 
large  solar  industry. 

The  major  alternative  to  silicon  is  gallium-based  cells.  Domestic 
supplies  of  gallium  are  sufficient  to  supply  annual  production  rates  greater 
than  several  thousand  megawatts  per  year. 

Gallium  supplies  should  be  ample.  Most  gallium  is  Imported.  However, 
domestic  production  could  be  increased  if  an  attempt  is  made  to  extract 
gallium  associated  with  aluminum  or  zinc  ores  or  coal. 

Concentrator  components  are  made  from  steel  or  plastics  which  are  readily 
available.  Support  structures  are  typically  made  of  steel.  Special  alloy 
steels  are  not  typically  used. 

Mobility 

The  general  assessment  is  that  actively  cooled  photovoltaic  energy 
conversion  systems  have  a  low  potential  for  mobility.  Because  actively  cooled 
photovoltaics  collectors  are  subjected  to  considerable  wind  loading  they  must 
be  rigidly  mounted.  They  are  also  space  filling  systems  because  of  the  low 
energy  flux  of  sunlight  and  hence  require  considerable  disassembly  for  trans¬ 
port  and  reassembly  for  proper  operation.  Photovoltaic  energy  conversion 
systems  are  heavy.  Installed  modules  weigh  1500  pounds  per  peak  kilowatt  of 
capacity.  The  photovoltaic  system  also  needs  the  additional  weight  of  battery 
storage  and  power  conditioning  equipment.  A  100-kilowatt  continuous  diesel 
energy  conversion  system  weighs  only  56  pounds  per  average  kilowatt. 

Other  Parameters 

Locational  and  operational  constraints,  reliability,  and  environmental 
factors  are  presented  in  Tables  50,  51,  52,  and  53,  respectively. 


Table  50.  ACTIVELY  COOLED  PHOTOVOLTAIC  ENERGY  CONVERSION 
SYSTEM  OPERATIONAL  CONSTRAINTS 

Constraint  Effect  Remarks 

1.  Part  load 

capability  6  Moderate  constraint  part  load 

efficiency  less  than  full  load 
efficiency  due  to  input/output 
inefficiencies  of  battery 
storage  or  because  energy  must 
be  dumped  if  storage  is  fully 
charged  and  load  is  small  (grid 
connected  system  may  absorb 
excess  energy  produced, 
however).  Minimization  requires 
careful  matching  of  system  to 
load. 


2.  Overload  capability  •  No  overload  capability.  Even 

motor  starting  transients  can  be 
a  problem  if  system  not  designed 
to  handle  it. 

3.  Load  following 

capability  0 


Overall  Assessment:  The  ordinal  score  is  2  indicating  turn-down  capability 
with  high  efficiency  penalty. 


Table  51.  ACTIVELY  COOLED  PHOTOVOLTAIC  ENERGY  CONVERSION 
SYSTEM  LOCATION  CONSTRAINTS 


Constraint 


Effect 


1.  Water  requirments 


e 


2.  Manning  requirements  0 


3.  Fuel  availability  9 

and  delivery 

4.  Fuel  storage  0 

5.  Other  9 


Remarks 


Moderate  constraint.  May  need 
deionized/distilled  water  for  cleaning 
reflector  surfaces,  electric  storage 
batteries,  and  as  make-up  for 
collector  cooling  systems. 

May  be  highly  automated.  Experience 
is  limited.  Systems  of  commercial 
size  (about  500  kW  )  may  require 
normal  inspection  and  maintenance  pro¬ 
cedures.  Larger  systems  may  require 
comparble  manning  to  conventional 
energy  conversion  systems. 

Fuel  is  not  required  except  if  backup 
system  is  used,  especially  If  system 
Is  not  designed  to  meet  100Z  of  load. 
Fuel  not  required  If  system  Is  grid 
connected. 

Only  as  required  by  backup  system  (If 
used) 

Solar  insolation  Is  a  major  con¬ 
straint.  Performance  strongly 
dependent  on  insolation.  Sunny 
locations  maximize  performance. 
Requires  clear  (rather  than  hazy) 
skies  to  diffuse  Insolation.  Will  not 
perform  well  at  high  altitudes  with 
short  winter  days  (l.e.  Artie).  May 
perform  adequately  during  summer  at 
high  altitudes.  Performance 
acceptable  in  lower  48  states. 

Pollution  effects  may  Increase  diffuse 
insolation  component  and  degrade 
system  performance.  Pollution  may 
also  degrade  reflector  materials  due 
to  dirt  and  chemical  attack. 


Overall  Assessment:  The  ordinal  score  is  3  indicating  average  locational 
constraints. 


Table  52.  RELIABILITY  OF  ACTIVELY  COOLED  PHOTOVOLTAIC 
ENERGY  CONVERSION  SYSTEMS 


Constraint 

Effect 

Remarks 

1.  Moving  parts 

a 

For  sun  tracking  components. 

2.  Operating  temperature 

0 

3.  Modularity  of  design 

0 

4.  Stress  levels 

0 

5.  Corrosion 

0 

6 .  Other 

• 

Photovoltaic  energy  conversion  systems 
are  highly  Interactive  with  solar 
availability.  High  reliability  can  be 
designed  into  the  system  giving  cons  id 
eration  to  interaction  of  the  system, 
load,  and  insolation  availability. 

Overall  Assessment:  The  ordinal  score  is  3  indicating  average  potential 
environmental  constraint. 


Table  53.  ACTIVELY  COOLED  PHOTOVOLTAIC  ENERGY  CONVERSION  SYSTEMS 

ENVIRONMENTAL  CONSTRAINTS 


Constraint 


Amount  of  Uncontrolled 
Emmis8ions 


Amount  of  Emissions 
With  Controls 


Degree  of  Difficulty 
in  fleeting  More 
Stringent  Regulations 


'  •  v 


•  Thermal 
Discharge 

•  Air  Pollution 


Particulates 


Others 


•  Noise 


•  Odor 


•  Solid  Waste 


•  Chemical  Waste 


Overall  Assessment:  The  ordinal  score  is  5  indicating  minimum  potential  environmental 
constraint. 


PHOTOVOLTAIC  ENERGY  CONVERSION  SYSTEMS 


DATA  SHEET 

Energy  Conversion  System:  Photovoltaic-Flat  Plate 

Parameter: 

Efficiency 

Energy 
Conversion 
System  Ref. 

Parameter  Value  Plant 

Study  Operating  Plant  Size,  kW 

Assumptions  of 
Advanced  State  of  the  Art 

Experimental 

P.  15 

14-17% 

Si  Cells,  0-50  C  decreasing 
with  temperature 

P.  99 

11.8% 

105kWpk 

Before  inverter 

-v8% 

After  inverter 

P.  100 

12.8% 

9.9% 

lOOkWpk 

Optical  Coating  Labs,  Inc. 
ARCO  Solar  Inc.. 

P.  102 

9.2% 

29.5kWpk 

overall  system  efficiency 

12.4% 

cell  efficiency 

P.  103 

7.04% 

200kWpk 

overall  system  efficiency 

P.  105 

8.6% 

13.8% 

20kWpk 

annual  overall  efficiency 
no  power  conditioning 
cell  efficiency  3X  concen- 
cent rat ion 

P.  106 

8.5% 

9.77% 

30kWp  k 

annual  overall  efficiency 
annual  before  power 
conditioning 

P.  107 

13.8% 

25kWpk 

cell  efficiency  at  23  C 
and  peak 

P.  108 

3% 

20kWpk 

module  efficiency 

CdS/Cu  S 

X 

P.  109 

7% 

350kWpk 

annual  overall  efficiency 
including  inverter /power 
conditioning,  polycry¬ 
stalline  silicon.  Solar- 
ex. 

P.  125  Silicon 

1986  Module  Effi- 

N.A. 

Based  on  advances  in  Si  PV 

PV  Cell  Produc¬ 
tion  Method 

Czochralski 

Heat  Exchange 
Method 

Edge  Defined 

Film  Fed 

Growth  Ribbon 

ciency  Goal: 

11.7% 

14.25% 

11.4% 

Mass  Production  Technology 

DATA  SHEET 

Energy  Conversion  System:  Photovoltaic-Flat  Plate 

Parameter:  Efficiency 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


Dendritic 
Ribbon 
Silicon  on 
Ceramic 

Web 

13.3% 

10.1% 

P.  126 

9.09%  @  2 

253  Btu/hr/ft 
insolation  @ 
array  temper¬ 
ature  of 

J.37*F 

0.44  kWpk(e 

) 

P.  127 

8.2% 

on 

Annual 

basis 

Mobil-Tyco  Solar  Energy  Corp. 
EFG  silicon  ribbon  solar 
cells 

T.  138 

5  to 
7% 

100 

kWp(e) 

Module  efficiency  based  on 
module  area.  Natural  Bridges 
National  Monument 

P.  139 

2.5  to  7.0% 

8  kW  .  (e) 
pk 

Array  overall  efficiency. 
Experimental  single  crystal 
silicon  1173  ft^ 

P.  141 

15%  cell 

12.3%  ( 2 1 X4 ' 
module) 

12.6%  (4';:4’ 
module) 

12.8%  (4 'X8' 
module) 

Single  crystal  silicon 

P.  142 

Cell:  11.8%  @ 
H3#F  (air 

collector) 

10.7%  @  82.4*F 
(liquid 
collector) 
Collector:  6.2 
to  6.6% 

PV/thermal  collectors,  cell 
efficiencies  on  module  area 
basis.  2  glazings.  Thermal 
efficiency  32.1%  (air)  and 
42.6%  (liquidX  single-crystal 
silicon 

*  -  a  ^ 


V 


DATA  SHEET 


r 


Energy  Conversion  System:  Photovoltaic-Flat  Plate 
Parameter:  Efficiency 


Energy 

Conversion 


Parameter  Value 


Plant 


Assumptions  of 


Srs.lem_Ref.  Study _ Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


P.  144 


36.34  W  ,  (e) 
Pk 


Cell:  12. 7% 

@  82.4°F 
11.3%  0 
125. 6°F 

Module:  8.5%  0  26.87  W  ,  (e) 

82.4°F  Pk 

7.6%  0  125. 6°F  24.03  W  ,  (e) 

Cell:  11.6%  @  Pk 

82.4°F 

10.7%  @  114. 8°F 

Module:  8.0%  0  36.34  W  ,  (e) 

82.4°F  Pk 

7.4%  @  114. 8°F  33.50  w  (e) 

Cell:  10.5%  @  Pk 

82.4°F 
9.6%  @ 

Module:  116. 2“*  29.83  W  ,  (e) 

82.4°F  Pk 

5.6%  @  116. 2°F  27.14  W  ,  (e) 

Cell:  11.3%  @  pk 

82.4°F 

10.4%  0  116. 2°F 

Module:  6.6%  0  31.87  W  .  (e) 

82.4°F  Pk 

6.1%  @  116. 2°F  29.30  W  .(e) 

Cell:  12.0%  @  pk 

82.4°F 

10.7%  0  123. 8°F 
Module:  10.6%  @  77.42  W  .(e) 

82.4°F  Pk 

9.4%  0  123. 8°F  68.69  W  .(e) 

Cell:  9.0%  @  pk 

82.4°F 

Module:  7.8%  @  57.43  W  ,  (e) 

82 .4°F  pk 

Cell:  11.3%  @ 

82.4°F 

9.9 %  0  122°F 


Single  crystal  silicon 


57.43  Wpk(e) 


Module:  10.1%  @  28.77  W  .  (e) 

82.4°F  pk 


8.9%  @  122°F 


25.26  Wpk(e) 


Polycrystalline  silicon 


Single  crystal  silicon 
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DATA  SHEET 


Energy  Conversion  System:  Photovoltaic-Flat  Plate 
Parameter:  Efficiency 


Energy 

Conversion 


System  Ref.  Stud) 


P.  144, 
Cont. 


Parameter  Value 


Plant 


Assumptions  of 


Operating  Plant  Size,  kW  Advanced  State  of  the  Art 

Cell:  15.1%  @  Single  crystal  silicon 

82.4°F 

13.7%  @  119. 5°F 
Module:  11.8%  @  80.29  W  .(e) 

82.4°F  pk 

10.7%  @  119. 5°F  72.73  W  (e) 

Cell:  15.0  @  pk 

82.4°F 

13.4  @  119. 5°F 

Module:  11.6%  @  79.31  W  .(e) 

82.4°F  pk 

10.4%  @  119. 5°F  70.68  W  (e) 

Cell:  11.7%  @  pk 

82.4°F 

10.3%  @  120. 9°F 

Module:  8.8%  @  32.10  W  ,  (e) 

82 .4°F  pk 

7.8%  @  120. 9°F  28.44  W  (e) 

Cell:  9.0%  @  p  Edge  defined  film  fed 

82.4°F  growth  (EFG) 

8.2%  @  118. 4°F 

Module:  7.8%  @  37.52  W  .(e) 

82.4°F  pk 

7.1%  @  118. 4°F  34.13  W  (e) 

Cell:  12.6%  <3  p  Single  crystal  silicon 

82.4®F 

10.7%  @  135. 3°F 

Module:  9.3%  @  6.94  W  .(e) 

82.4°F  pk 

7.9%  @  135. 3°F  5.88  W  .  (e) 

pk 


37.52  Wpk(e) 


Edge  defined  film  fed 
growth  (EFG) 


Single  crystal  silicon 


P.  147 

5.5% 

Laboratory  measurement. 
Amorphous  silicon  cell. 
Small  area  cell  only. 

P.  147 

3.0% 

Laboratory  measurement . 
Amorphous  silicon  cell. 
Large  area  cell  only. 

P.  147 

2.8% 

Laboratory  measurement. 

RCA  Corp.  Amorphous  silicon 
cell.  2.7  x  10_2ft2.  Single 
cell  only. 

P.  147 

2.6% 

Laboratory  measurement. 

RCA  Corp.  series  connected 
amorphous  silicon  cell. 

4.0  x  10“2ft2 
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Energy  Conversion  System:  Photovoltaic-Flat  Plate 


Parameter: 

Efficiency 

(Continued) 

Energy 

Conversion 

Parameter  Value 

Plant 

Assumptions  of 

System  Ref. 

Study  Of 

derating  Plant 

Size,  kW 

Advanced  State  of  the  Art 

P.  147 

3.2% 

Laboratory  measurement  Sanyo 

Electric  Co. ,  LTD.  AM-1  light 
@  316  Btu/Hr  ft2 

P.  147 

2.5% 

Laboratory  measurement  @  AM-2. 

Fuji  Electric  Co.,  Ltd. 

P.  148 

15% 

Amorphous  silicon.  Maximum 
theoritical  efficiency. 

P.  149 

15% 

DOE  goal  for  stable  and  high 
efficiency  cell  with  single 
crystal  photoelectrode. 
Electrochemical  photovoltaic 
cell  at  AMI. 

P.  149 

10% 

DOE  goal  for  stable  and  moderate 
efficiency  cell  with  polycrystalline 
Sio  Amorphous  photoelectrode  at 

AMI.  Electrochemical  photovoltaic 
cell . 

P.  150 

12% 

Laboratory  measurement  at 

300  Btu/Hr  Ft2  AMI.  Photo¬ 
electrochemical  cell.  GaAs 
photoelectrode  with  surface 
texturization  and  ruthenium 

treatment . 

P.  151 

9.2% 

Achieved  efficiency  in  lab¬ 
oratory.  Textured  Cds/Cu2S  cell. 

16.1% 

Theoretical  meximum.  Frontwall 
Cds/Cu2S  cells. 

10.4% 

Practical  Maximum.  Frontwall 

Cds/Cu2S  cells. 

12% 

Theoretical  maximum.  Backwall 
Cds/Cu2S  cell. 

7.8% 

Practical  maximum.  Backwall 

Cds/Cu2S  cells. 

8.7% 

Experimental  Cds/Cu2S  cell. 

6% 

Experimental  Cds/Cu2S  cell. 

5.1% 

Experimental  Cds/CuInSe2  cell 

(0.03  In2) 

Experimental  Cds/CuInSei .8Te2 
cell  (0.03  In2) 


10.1% 


DATA  SHEET 


Energy  Conversion  System:  Photovoltaic-Flat  Plate 
Parameter:  Efficiency  (Continued) 


Energy 

Conversion 


Parameter  Value 


Plant 


Assumptions  of 


Svstem  Ref.  Study  Operatine  Plant  Size.  kW  Advanced  State  of  the  Art 


P.  151 

13% 

Experimental  Cds/Cu  Ino  j 

Gag 4 7  Sei _ 2  Te0-8cell  (0.03  In2) 

5.5% 

Experimental  ITO/Cu  In  Se2  cell 
(1.5  x  10-2  In2) 

IT0= Indium  Tin  Oxide 

8.3% 

Experimental  ITO/Cu  In  Se^g 
Teo.2ceH  (1.5  x  10_2In2) 

12.3% 

Experimental  ITO/Cu  Ing  _  3  Gag  7 

Sej .  2Teo .  8ceH  (1.5  x  10~2In2) 

P.  152 

11% 

Laboratory  silicon  cell  efficiency 
(7.75  In2)  EFG  Process.  AMI. 
Mobile  Tyco 

12% 

Laboratory  silicon  cell  efficiency 
AMI.  Westinghouse  WEB  process 

9.75% 

Experimental  polycrystalline 
silicon.  AMI  (1.4  In2) 

10.1% 

Experimental  polycrystalline 
silicon.  AMI  (0.3  In2) 

P.  153 

12.2% 

Experimental  SnO  2/n-single  crystal 
silicon.  AMI  (0.59  In2) 

11.1% 

Experimental  ITO/n-s ingle  crystal 
silicon.  AMI  (0.60  In2) 

>10% 

Experimental  ITO  or  SnO 2/°- type 
polycrystalline  (Wacker)  silicon. 
(0.62  In2) 

10.3% 

Experimental  diffused-junction 
cell  on  polycrystalline  (Wacker) 
silicon. 

14% 

Experimental  ITO/ single  crystal 
silicon.  AMI  (0.2  In2) 

9.6% 

Experimental  ITO/polycrystalline 
(Wacker)  silicon.  AMI  (0.40  In2) 

9.7% 

Experimental  ITO/single  crystal 
silicon.  AMI  (0.34  In2) 

[r 
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Energy  Conversion  System:  Photovoltaic-Flat  Plate 

Parameter:  Efficiency  (continued) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 

P-  153  6.8%  Experimental  ITO/polycrystalline 

(Monsanto)  silicon.  AMI  (0.54  In2) 

11.9%  Experimental  single  crystal  silicon. 

AMI  (0.34  In2) 

8.0%  Experimental  polycrystalline 

(Wacker)  silicon.  AMI  (0.34  In2) 

12.7%  Average  experimental  Dow  Corning 

metallurgical  grade  epitaxial 
silicon  cell  efficiency.  Range: 

12.4  to  12.9% 

P*  154  17.3%  Experimental  AMOS  (Antireflection 

Coated  Metal  Oxide  Semiconductor) 

GaAs  cells  (0.16  In2)  Single 
crystal 

14.5%  Experimental  AMOS  polycrystalline 

GaAs  cell  (0.16  In2) 

P«  155  21%  Experimental  single  crystal  shallow 

homoj unction  GaAs  cells  by  Chemical 
Vapor  Deposition  (CVD)  (0.08  In2)  AMI 

16%  Experimental  Molecular  Bean  Epitaxy 

(MBI)  single  crystal  Ga  Ag  cells  at 
AMI.  (0.01  In2).  Expert  substantial 
improvement . 

12%  Experimental  Ion  Implanted,  Laser 

Annealed  (IILA)  single  crystal  Ga  As 
cells.  AMI  (0.01  In2)  Expect  sub¬ 
stantial  improvement. 

13.2%  Experimental  shallow  homojunction 

polycrystalline  Ga  As  cells  by 
CVD  process  AMI.  (0.01  In2) 

25  to  28%  Estimated  efficiency  of  GaAs  Ge  . 

Monolithic  Tandem  cells  at  AMI  at 
one  sun  illumination. 

P.  160  15.0%  Experimental  single  crystal  Cds/lnP 

cell  AM2.  234  Btu/Hr  ft2  flux 

14.4%  Experimental  single  crystal  Cds/lnP 

cell  AM2.  245  Btu/Hr  ft2  flux 

5.7%  Experimental  thin  film  Cds/lnP  cell. 

AM2.  234  Btu/Hr  ft2  flux 

5.2%  Experimental  thin  film  Cds/lnP  cell. 

AM2.  234  Btu/Hr  ft2  flux 
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Energy  Conversion  System:  Photovoltaic-Flat  Plate 


Parameter:  Efficiency  (Continued) 


Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 


System  Ref.  Study  Operating  Plant  Size 
P.  160  10.5% 

5.6  % 

8.1% 

P.  161  6.7% 

14% 

5% 

9% 

6.3% 

12% 

20% 

12% 

9% 


kU  Advanced  State  of  the  Art 


Experimental  single  crystal  Cds/CdTe 
cell.  215  Btu/Hr  ft2  flux 

Experimental  single  crystal  Cds/CdTe 
cell.  269  Btu/Hr  ft2  flux 

Experimental  Cds/Cd  Te  thin  film 
cell.  443  Btu/Hr  ft2  flux.  AMO 

Experimental  Cds/Cd  In  Se2 

Experimental  single  crystal 
Cds /  InP  cell 

Experimental  thin  film  Cds/lnP  cell 

Experimental  CdS/Cu2S  thin  film  cell 

Experimental  GaAs  thin  film  cell 

Potential  efficiency  of  GaAs  thin 
film  cell 

Experimental:  for  single  crystal 
Ga  As  cells 

Indium-Tin  Oxide  (ITO)  on  single 
crystal  silicon  experimental 

Experimental  polycrystalline 
silicon 


P.  162  13.4% 

P.  163  13% 


14.2% 


Experimental  single  crystal  silicon 
cell  from  Dow  Corning  process  for 
solar  grade  silicon  AMO. 

Experimental  single  crystal  silicon 
cells  by  Heat  Exchanger  Method 
process  (HEM) .  Conventional 
6pectrolab  process  range  12.2%  to 
13.5% 

Experimental  single  crystal  silicon 
cells  by  HEM  process.  Texturized 
cells  with  Back  Surface  Field  (BSF) 
Range  13.4%  to  14.6% 

Experimental  single  crystal  silicon 
cells  by  Ion  Implantation  into  EFG 
silicon  ribbon  using  both  conventional 
and  glow  discharge  t»iehniques . 


P.  164 


9.5%  to  10.6% 


Energy  Conversion  System:  Photovoltaic-Flat  Plate 


Parameter:  Efficiency  (Continued) 


Energy 

Conversion  Parameter  Value 

System  Ref.  Study  Operating  Plant 


Plant 
Size,  kW 


Assumptions  of 
Advanced  State  of  the  Art 


P.  165  12% 

13.8% 


Experimental  single  crystal  silicon 
cell  (n+p  p+)  by  solid  source 
diffusion  technique.  AMI. 
Experimental  single  crystal  silicon 
cell  (p+n  n+)  by  solid  source 
diffusion  technique.  AMI. 


P.  167  16.4% 

P.  168  12  to  2L 7 


Experimental  single  crystal  silicon 
thin  film  cell  (50  MM  thick) 

Theoretical  efficiency  of  multi¬ 
junction  amorphous  silicon/amorphous 
Si-Ge  alloy  cells. 


STUDY 


P.  169  Absorber/  Device  Efficiency  Illumin- 
Collector;  Area  %  atlon 

Generator/  In2  Btu/Hr  ft2 

Convertor 


Si/Si 

1.4 

9.5 

Cu2S/Cds 

0.14 

9.15 

CdTe/CdS 

0.02 

8.7 

Cu2S/ZriCdS 

0.20 

7.81 

CuInSe2/CdS 

0.12 

6.6 

GaAs/l-M* 

1.4 

6.5 

InP/CdS 

0.04 

5.7 

a-Si/l-M* 

0.003 

5.6 

Cu2Te/CdTe  0.93 
CuInS2/CuInS20 .02 

4.8 

3.33 

Cu20/Cu 

0.16 

1.1 

Zn3P2/Mg 

0.04 

.9 

Merocyanlne/Al  0.16 

.7 

CdSe/ZnTe 

0.02 

.6 

*Insulator-Metal 


AMI  Experimental  performance  of 

2yg  thin  film  photovoltaic  cells 

222 

263 

317 

AMI 

235 

206 

317 

317 

317 

263 

269 
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Energy  Conversion  System:  Photovoltaic-Flat  Plate 


Parameter:  Efficiency  (Continued) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


P.  170  7 .812 

P.  171  5% 

10% 

P.  172  8% 

12% 


5.6% 


15% 

14% 

10.2% 


173 

6.1% 

179 

1986  1979 

Goal 

Achieved 

17% 

14% 

17% 

15% 

12% 

10% 

15% 

15% 

12% 

10.5% 

11% 

10% 

P.  180  12% 

P.  181  11.8% 

P.  184  9% 


CdZnS/Cu2S  thin  film  cell. 
Experimental.  317  Btu/Hr  ft2. 

8.7  In2 

Experimental  CdSe/ZnSe  (CdSe 

MIS)  thin  film  cell.  317  Btu/Hr  ft2 

Potential  CdSe  MIS  thin  film  cell 
efficiency 

Experimental  CdS/CdTe  heteroj unction 
cell  by  vacuum  evaporation  of  CdS 

Experimental  CdS/CdS/CdTe  hetero- 
junction  cell  by  epitaxial  vapor 
growth  of  CdS  in  H2. 

Experimental  CdTe/ITO  heteroj unction 
cells.  Average  efficiency  range: 
2.6%  to  8% 

Experimental  CdS/InP  heteroj unction 
cell 

Experimental  ITO/lnP  heterojuction 
cell .  Maximum  reported 

Experimental  ITO/lnP  heteroj unction 
cells.  Average  efficiency  range: 
8.3%  to  12.4% 

Experimental  Schottky  barrier  grid 
device  on  Zn3P2  single  crystals 


Advanced  Czochralski 
Heat  Exchanger  Method  (HEM) 
Edge-Defined  Film-Fed  Growth  (EFG) 
WEB 

Ribbon-to-Ribbon  growth  (RTR) 
Silicon-on-Ceramic  (SOC) 

Experimental  improvement  of  silicon 
solar  cell  by  laser  treatment  of 
of  commercial  solar  cell. 

Experimental  silicon  cell  using 
screen  printing  for  metallization 

Experimental  0.16  In2  CdS/Cu2S  thin 
film  cell.  Univ.  of  Deleware, 
Institute  of  Energy  Conversion. 
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Energy  Conversion  System:  Photovoltaic-Flat  Plate 
Parameter:  Efficiency  (Continued) 


Energy 
Conversion 
System  Ref 


P.  181 


Parameter  Value 
idy  Operating  Plant 


P.  185 


P.  187 


P.  188 


P.  191 


P.  194 


1  to  5% 


11.3% 


Plant  Assumptions  of 

Size,  kW  Advanced  State  of  the  Art 

Experimental  7.6  in2  thin  film  cell. 
University  of  Stuttgart 

Experimental  0.62  in2  thin  film  cell. 
Westinghouse 

Experimental  64  in2  CdS/Cu2S  thin 
film  cell.  Designed  for  large  area 
production.  University  of  Stuttgart. 

Experimental  7.6  in  CdS/Cu2S  thin 
film  cell.  University  of  Stuttgart. 

Experimental  CdS/Cu2S  thin  film  cells 
by  electrophoresis.  Large  area 
cells  prepared. 

Simulated  efficiency.  AlSb  cell. 

Very  early  development 

Simulated  efficiency  AlSb  cell. 

Very  early  development 

576  Wpk  Array  efficiency.  Inverter  (DC  to 
AC)  is  90%  efficient.  Solar  water 
pumper. 

Experimental  CdS/Cu2S  cell  by  dipping 
evaporated  CdS  film  in  CuCl  Soln. 

Experimental  planar  junction 
CdS/Cu2S  cell 

Experimental  thin  film  evaporated 
CdS/Cu  In  Se2  cell 

Experimental  Indium  Tin  Oxide  (ITO)/ 
Cu  In  Se2- Single  crystal cell 

Experimental  CdS/CuGay  Inl-jfl^^ 

^e2(l  Z) *  Wintered  cell 

Experimental  small  area  amorphous 
silicon  platinum  Schottky  barrier 
cells. 

Experimental  MIS  thin  film  poly- 
crystalline  GaAs  cell  on  tungsten 
coated  graphite  substrate. 
Experimental  n+p  GaAs  cells  on  single 
crystal  Ge  or  GaAs  substrate  by  CVD 

Experimental  Au/Sb203/GaAs  cell 

Experimental  polycrystalline  silicon 
cell  by  CVD  of  an  epitaxial  film  on 
metallurgical  grade  polycrystalline 
Si  substrate.  1.4  In2.  AMI. 
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Energy  Conversion  System:  Photovoltaic-Flat  Plate 
Parameter:  Efficiency  (Continued) 


Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 

Experimental  polycrystalline  silicon 
cell. 

Experimental  poly crystalline  silicon 
cell . 

P.  195  12.5%  Module  efficiency.  Average  range: 

12  to  13%.  AMI  3.9  In2.  AEG- 
Telefunken 


P.  194 


12% 

10% 


10% 


P.  195 


6.7% 


Experimental  polycrystalline  silicon 
cells.  3.9  In2,  8.7  In2,  15.5  In2. 
AMI.  AEG-Telefunken.  Heliotronic. 
3.9  In2.  CdS/Cu2S  cell.  Small 
production  line  established. 


P.  196  14% 


Experimental  Ion  Implanted  silicon 
cell 

Experimental  laser  annealed  silicon 


10% 


Energy  Conversion  System:  Photovoltaic-Flat  Plate 


Parameter: 

Volume/Sl 

ze 

Energy 
Conversion 
System  Ref. 

Parameter  Value 
Study  Operating  Plant 

Plant 
Size,  kw 

Assumptions  of 

Advanced  State  of  the  Art 

P.  100 

or 

2904  modules 
@1.0  x  3.9  ft. 
1152  modules 
@0.56  x  1.2m 

105kWp 

Optical  Coating  Labs,  Inc. 

Arco  Solar  Inc. 

P.  101 

3060  mndu.1es 
@3. 1ft2 
height  (max) 

14.1  ft 

lOOkUp 

Solarex 

@lkW/m2 

Insolation  rate 

P.  102 

4,312  modules 
(shingles) 

@0.81  ft2 

Total  cell 
area:  2633  ft2 
Total  module 
area:  3459  ft2 

29 . 5kWp 

P.  103 

2400  modules 
18610  ft2  total 

200kWp 

Solarex,  HE354GVM 

P.  104 

4800  modules 
@3.44  x  1.44  ft 
'V2376  ft2  array 
area 

M.4520  ft2  cell 
area 

150kWP 

SPC  361 

P.  105 

2152  ft2 

20kWp 

3X  CPC,  Solarex 

P.  107  660  modules 

@3.67  x  1.41  ft2  25kWp  Mobil  Tyco  Mark  2A 
P.  108  95.1  x  288.6  ft 

outline  20kWp  Cds/CuxS 

10734  ft 2  panel 
area 

84.0  x  115.8  ft 

outline  Optional  Si 

3146  ft2  panel 
area 

3780  modules  350kWP  1.35X  concentration  polycry 

stalline  SI 

P.  109  @3.9  x  2.0  ft  30120  ft2 
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Energy  Conversion  System:  Photovoltaic-Flat  Plate 
Parameter:  Volume/Size 


Energy 
Conversion 
System  Ref.  St 


P.  126 


Parameter  Value 


Plant 


Assumptions  of 


P.  132 

P.  139 
P.  144 


18.421 

e*2 


Operating  Plant  Size.  kW  Advanced  State  of  the  Art 


Single  crystal  photovoltaics 


P.  131,138  2823  ft 

P.  131,138  24,264  ft 

P.  131,138  30634  ft2 


48.9 

ft" 

0. 44kWpk(e) 

100 

kW  ,  (e) 
pk 

1173 

ft2 

8  kW  ,  (e) 
pk 

3.41ft2 

*■» 

24.03 

W  k(e)  (3 

125. 6°F 

3.41 

ft" 

33.50  Wpk(e) 
@  114. 8°F 

5.20 

ft2 

27.14  W„k(e) 
@  116. 2°F 

5.20 

ft2 

29.30  WDk(e) 
@  116. 2“F 

7.88 

ft2 

68.69  Wpk(e) 
@  123. 8°F 

7.88 

ft2 

57.43  Wpk(e) 
@  82.4BF 

3.06 

ft2 

24.50  Wpk(e) 
@  122. 0°F 

7.34 

ft2 

72.73  Wpk(e) 
@  119. 5°F 

7.34 

ft2 

70.68  Wpk(e) 
@  119. 5°F 

3.93 

ft2 

28.44  Wpk(e) 
@  120. 9°F 

5.16 

ft2 

34.13  Wpk(e) 
@  118. 4°F 

0.80 

ft2 

5.88  Wpk(e) 

@  135. 3°F 

2 

18  kWpk(e) 

ft2 

150  kW  .(e) 
pk 

.  2 
:t 

196  kWpk(e) 

Single  crystal  silicon 
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Energy  Conversion  System:  Photovoltaic-Flat  Plate 
Parameter:  Volume/Size  (Continued) 


Energy 

Conversion 


Parameter  Value 


Plant 


Assumptions  of 


System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


P.  178 

1.97  in  x  1.97 
(3.9  In2) 

in 

5  kWpk 

Silicon  photovoltaic  dimension 

140  In2 

Module  area  (36  cells) 

471  ft2 

Array  area  (486  modules) 

P.  192 

769  ft2 

3.5  kWpk 

24  panels,  32  ft2  each. 

Schuchuli  Village,  Arizona 

384  ft2 

1.8  kWpk 

12  panels,  32  ft2  each. 

Tanzaye,  Upper  Volta 

DATA  SHEET 


Energy  Conversion  System:  Photovoltaic-Flat  Plate 


Parameter:  Weight 


Energy 
Conversion 
System  Ref. 


Parameter  Value 
Study  Operating  Plant 


Plant  Assumptions  of 

Size,  kW  Advanced  State  of  the  Art 


Modules : 

13.5  lb; 

0.57  lb/W  , 
pk 

24.03  Wpv 
@  125. 6°F 

Single  crystal  silicon 

17.15  lb; 

0.51  lb/W  . 

pk 

33.50  WDk 
<?  114.8  °F 

19.23  lb; 

0.68  lb/W  . 

pk 

27.14  Wnk 
@  116. 2SF 

19.29  lb; 

0.66  lb/W  . 

pk 

29.30Wpk 
@  116. 2°F 

32.19  lb; 

0.461  lb/W  . 

pk 

68.69  Wpk 
@  123. 8®F 

28.78  lb; 

0.51  lb/W  , 
pk 

57.43  Wok 
@  82.4*1 

Polycrystalline  silicon 

15.08  lb; 

0.60  lb/W  . 

pk 

25.26  Wpk 
@  122 . 0”F 

Single  crystal  silicon 

29.97  lb; 

0.42  lb/W  , 
pk 

72.73  Wpk 
@  119 . 5“F 

30.03  lb; 

0.37  lb/W  , 
pk 

70.68  Wpk 
@  119 . 5®F 

EFG 

11.11  lb; 

0.40  lb/W 

28.44  W  k 
@  120. 9*F 

Single  crystal  silicon 

m 
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Energy  Conversion  System:  Photovoltaic-Flat  Plate 
Parameter:  Startup/Shutdown  Time 


Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size.  kW  Advanced  State  of  the  Art 
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Energy  Conversion  System:  Photovoltaic-Flat  Plate 
Parameter:  o&M  Cost  (1980  dollars) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


DATA  SHEET 


Energy  Conversion  System:  Photovoltaic-Flat  Plate 
Parameter:  Acquisition  Cost 


Energy 

Conversion  Parameter  Value 

System  Ref.  Study  Operating  Plant 


Plant  Assumptions  of 

Size,  kW  Advanced  State  of  the  Art 


P.  125  Gov  t  Goals: 


Year  System  Energy  Module 

Price:  Price:  Price: 


1982 

$6-13/Wpk 

5.2-8.7q/ 

kWh 

$2.80/ 
w  i, 

pk 

Remote 

Applications 

Cost  goals  are  predicated 
on  low  cost  cell  manufac¬ 
turing  techniques  and  low 

1986 

$1.60- 

5. 5-9. 2c/ 

$0.70/ 

Residential 

cost  integration  of  cell 

2. 20/W  pk 

kWh 

W  L, 

pk 

Applications 

into  array 

1990- 

$1.10- 

4.2-8.1C/ 

$0.15- 

Utility 

2000 

1 . 30/W  pk 

kWh 

0.40/ 

Wpk 

Applications 

P.  138 

$20-40  W 

pk(e) 

15-28  kWp(e) 

System  installed  costs. 
Mead,  Nebraska  irrigation 

experiment;  Bryan,  Ohio 
radio  station.  Single 
crystal  silicon 

2 

P.  140  PV  only  $6. 97/ft  Assumes  1986  PV  module  costs 

2  S0.70/W  ^(e)  and  residential 

PV/ thermal  $11. 6/ft  system  size  3-10  kW  (e) 

pk 

P.  141 


Module 

Module 

Panel  Frame 

Installa¬ 

- 

Size: 

Cost: 

and  wiring: 

tion: 

Structure 

:  Total: 

Study 

2'X2' 

$7.9-8. 5/ 
ft2 

$3. 4-3. 7/ft2 

$  0.13/ft2 

$2. 8/ft2 

$14.3-  , 
15.3/ft 

Single  crystal  silicon 

4'X4' 

$7. 9-8. 9/ 
ft2 

$2. 7-2. 8/ft2 

$0. 13/ft2 

$2. 8/ft2 

$13.6-  , 
14.7/ft 

4'X8' 

$7.9-10.9/ 

ft* 

$2. 1-2. 3/ft2 

$0. 13/ft2 

$  2.8/ft2 

$13.0- 

16.1/ft 
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Energy  Conversion  System:  Photovoltaic-Flat  Plate 
Parameter:  Acquisition  Cost 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


P.  131 
P.  138 

P.  131 


P.  131 


P.  131 
P.  138 
P.  131 


P.  131 
P.  138 
P.  131 


P.  161 


FOB  Price:  $10.87/Wp  18  kWp(e) 

$27.00/Wp 

FOB  Price:  $744/Wp  - 

Installation:  $40. 3/ft 


Power  Conditioning: 

$4.00/Wp 

Total  Installed  Cost: 

$34.44/Wp 

Total  Installed  Cost: 

$219. 1/ft2 

FOB  Price:  $9.69/Wp  150  kWp(e) 

$18.00/Wp 

$59. 9/ft2  0 

Installation:  $21.4/ft“ 

Power  Conditioning: 

$1. 75/Wp 

Total  Installed  Cost: 

$19.85/Wp 

Total  Installed  Cost: 

$122. 7/ft2 

FOB  Price:  $9.26/Wp  196  kWp(e) 

$19 .00/Wp 
$59. 2/ft2  , 

Installation:  $21. 4/ft 
Power  Conditioning: 

$1.84/Wp 

Total  Installed  Cost: 

$18. 35/Wp 

Total  Installed  Cost: 

$117. 4/ft2 

$8.3/Wpk  to 
$17 . 8/Wpk 

$23. 7/Wpk  to 
$47 .4/Wpk 


Single  crystal  silicon 

Installation  includes  site 
preparation;  structures  and 
foundations;  field  wiring; 
and  lightning  protection 


Total  installed  cost  includes 
buildings,  maintenance  equip¬ 
ment  and  engineering 


Single  crystal  silicon 

KS 

Installation  includes  site 
preparation;  structures  and 
foundations;  module  installa¬ 
tion;  field  wiring;  and  light¬ 
ning  protection 


Single  crystal  silicon 

Installation  includes  site 
preparation;  structures  and 
foundations;  module  installa¬ 
tion;  field  wiring;  and  light¬ 
ning  protection 

Total  Installation  Cost  includes 
buildings,  maintenance  equipment, 
and  engineering. 

1978  array  price  (1980  $) 

1978  installed  system  cost  (1980  $) 
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Energy  Conversion  System:  Photovoltaic-Flat  Plate 

Parameter:  Acquisition  Cost 

Energy 


Conversion 

Parameter  Value 

Plant 

Assumptions  of 

System  Ref.  Study  Operating  Plant 

Size.  kW 

Advanced  State  of  the  Art 

Goal 

P.  7 

$0.50-$ 1 ,30/Wp 

Central 

System  cost  (without  stor- 

station 

age) 

size 

$0. 10-$0.40/Wp 

Array  only 

$1.50-$2.50/Wp 

Oil  conservation  baseline 

technology  (system  cost) 

P.  10 

$2.80/Wp 

Intermediate  1980  goal 

$0.70/Wp 

Intermediate  1982  goal 

$0.50/Wp 

— - - - 

1986  goal 

P.  99 

$32.50/Wp 

105kWp 

P.  103 

$  1280/m2 

200kWp 

Array  cost  (1730m2) 

$990/m2 

Power  conditioning  and 

installation  cost 

$82/kWh 

Storage  battery  (2203.2 

kWh) 

P.  104 

$2.8  X  106 

150kWp 

Total 

P.  105 

$5-10/Wp 

Expectation  of  cost,  cells 

only 

P.  106 

$8/Wp 

P.  108 

$210,500-203,000 

20kWp 

Total  cost 

P.  122 


$9 .00/Wp 
$10.44-11.64 


Array  cost 

Balance  of  system  cost 
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Energy  Conversion  System:  Photovoltaic-Flat  Plate 

Parameter:  Lifetime 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


P.  102 


20  years 


design  lifetime 


P.  106 


20  years 


assumed 


P.  140 


20  years 


29 . 5kWp 
30kWp 


assumed  lifetime 


jE 


Energy  Conversion  System:  Photovoltaic-Flat  Plate 


Parameters : 

Studies 

Operating  Plants 

Reliability 

P.  150 

P.  151 

h  m 

Low.  Photoelectro¬ 
chemical  cells  8 till 
under  development 
CdS/Cu2S  cells  are  mod¬ 
erately  reliable 

^d^rate  to  High 

Growth  Potential 

! 

Availability  of 

Raw  Materials 

Type 
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Energy  Conversion  System:  Photovoltaic-Flar  Plate 

Parameter:  Reliability 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 

P.  129  Moderately  high 

(25  kWpk) 

P.  138  Moderate  to 

high 

P.  139  Moderate  (25% 

module  failure 
rate) 

P.  141  High 

(assumed) 

P.  143  In  3  yrs,  3%  of 

4500  modules  failed, 

2.75  kWpk  out  of 
85  kWpk  -  A  number 
of  sites. Failure  due 
to  hail  or  weathering 
Silicon  PV 

P.  144  Moderate  (test 

modules  only) 
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Energy  Conversion  System:  Photovoltaics-Actively  Cooled* 
Parameter:  Efficiency 


Energy 
Conversion 
System  Ref. 


P.  116 

P.  117 
P.  113 

P  119 
P.  121 


Parameter  Value  Plant 

Study  Operating  Plant  Size,  kW 

SExperimental 
or  Under  Construction 


Assumptions  of 
Advanced  State  of  the  Art 


P.  15 

11-16% 

GaAs  482*F  (max  '\.212°F) 

P.  Ill 

12% 

72kWpk 

+  ''-lOOkW  , 
tn 

Si 

P.  113 

9.4%  (e) 

35%  (th) 

47kWpk 
electric 
175kW  , 
thecal 

Electric,  before  power 
conditioning 

Thermal  efficiency  (109#F) 

P.  114 

15% 

10.65% 

ISOkWpk 

Electric,  basic  cell 
efficiency 

Overall  electric,  concen¬ 
trator  module 

P.  115 

10.2%  (e) 

25kWpk(e) 

Peak  efficiencies 

56%  (th) 

8. AX  (e) 

49%  (th) 

13.4%  (e) 

9.0%  (e) 

11.7%  (e  &  th) 


13% 

13.1% 

8.33% 

7.0% 

44.0% 


140kWpk(th) 

Annual,  overall  efficiencies 

Cell  efficiency  @  131"F 

365kWp  PV-mode  (electric  only) 

277kWp  (e)  PV  &  thermal  mode  (chilling 
208kWp  (th)  of  water) 

20kWpk(e)  Cell  efficiency  @  131°F 
(0CL1) 

64kWpk(e)  Cell  efficiency  only, 
(400kWp)^th)  electric 

200kWpk(e)  Overall 


162kWpk(e)  Overall  collector  electrical 
efficiency 

1020kWpk(th)  Overall  collector  thermal 
efficiency 

*we  assume  that  "actively  cooled"  refers  to  concentrator  arrays  (although 
concentrator  arrays  are  not  always  necessarily  actively  cooled) 
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Energy  Conversion  System:  Photovoltaics-Actively  Cooled*  (continued) 
Parameter:  Efficiency 


Energy 
Conversion 
System  Ref. 

Parameter  Value 
Study 

Plant 
Size.  kW 

Assumptions  of 

Advanced  State  of  the  Art 

P.  130,  131, 
137,  138 

12%  (measured,  P.137) 

11.4%  @  300  Btu/HrFt2  @ 
cell  temp.  *  132. 8°F 
(measured,  P.130) 

27  kW  .(e) 
pk 

140kW  <? 

tn 

114. 8°F 

E-Systems  N-S  linear  Fresnel 
lens;  single  crystal  silicon; 
CR-25  (P.137) 

13%  (projected,  P.  137) 

8.43%  system  electrical 
efficiency;  48.3%  system 
thermal  efficiency  (P.  130) 

System  efficiency  is  sim¬ 
ulated  including  parasltics 

.  131,  137, 
138 

7%  (measured,  P.  137) 

9%  (projected,  P.  137) 

110  kW  ,  (e) 
pk 

Single  crystal  silicon;  G.E. 
parabolic  troughs,  2-axis 
tracking;  CR-34  (P.  137) 

.  131,  137, 
138 

7%  (measured,  P.  137) 

8%  (projected,  P.  137) 

47  kW  ,  (e) 
pk 

Single  crystal  silicon; 

Solar  Kinetics  N-S  parabolic 
trough;  CR-42 

.  137 

9-10%  (measured) 

12%  (projected) 

500  kW  (e) 

pk 

Martin-Marietta  Point  Focus 
Fresnel;  CR-40;  single 
crystal  silicon 

Operating  Plant 

Modules  Only 

P.  145  6%  RCA  Point  Focus  Fretnel  Lens 

/ 

8%  Martin-Marietta  Point  Focus 

Fresnel  Lens 

5%  Acurex  N-S  Trough  with  double 

cell  row 

6%  General  Electric  Trough  with 

double  cell  row 

7%  Spectrolab  Off  Axis  Tracking 

single  cell  row  with  secondary 
reflectors 

4%  Meinel  Center  Column  Receiver 
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Energy  Conversion  System:  Photovoltaic-  Actively  Cooled 
Parameter:  Efficiency  (Continued) 

Energy 


Conversion 

Parameter  Value 

Plant 

Assumptions  of 

Svstem  Ref 

SEiXESB 

Operating  Plant  Size.  kW 

Advanced  State  of  the  Art 

STUDY 

One  Sun 

Peak 

Concentration 

Cell  Manu- 

Efficiency  Efficiency 

Ratio  At  Peak 

Area  facturer 

Peak  Efficiency 

P  166 

14.9% 

16.6% 

20 

0.98  In2  OCLI  Experimental 

12.1% 

14.5% 

43 

0.98  In2  OCLI  silicon  cells 

15.3% 

18.6% 

40 

1.58  In2  Motorola  for  concentrator 

13.1% 

15.5% 

43 

1.52  In2  Solarex  applications  at  28°C 

12.0% 

15.2% 

60 

3.02  In2  Solarex 

12.2% 

14.1% 

17 

1.86  In2  General  Electric 

13.5% 

17.8% 

250 

0.36  In2  RCA 

P.  167 

19% 

Thin  film  silicon  cell.  Approx. 

50  suns.  Approx.  77#F 

P.  174 

23% 

Experimental  Ga  As  -  Ga  A1  As  cell 

100  suns.  77#F 

15% 

Experimental  Ga  As  -  Ga  A1  As  ell 

1000  suns  77°F 

P.  175 

9% 

Overall  efficiency  of  prototype 
concentrating  silicon  photovoltaic 
systems.  Include  optical  and  cell 
efficiency.  Optical  efficiency  70%. 

28.5% 

Experimental  spectrum  splitting 
system  using  Si  and  A1  Ga  As  cells. 

165  suns. 

20% 

Expected  achievable  efficiency. 
Flourescent  concentrator. 

18% 

Experimental  p+h  n+  silicon  cell. 

50  suns 

23% 

Experimental  A1  Ga  As/Ga  As  cells. 

1000  suns .  AMI 

24.7% 

Experimental  A1  Ga  As/Ga  As  cells. 

180  suns. 

P.  176 

27.0% 

Experimental  spectrum  splitting  system 
using  p+  n  n+  silicon  cell  and 

AI0.93  Gao. 07  As/Alo.17  Gao. 83  As 
cell.  113  suns.  122°F. 

26.0%  Experimental  spectrum  splitting  system 

using  p+  n  n+  silicon  cell  and  Alo.93 
Gao. 07  As/Alo  17  Gao  83  As  cell. 

489  suns.  122#F. 
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11.4%  @  300  ^pt2  @  cell  25kWpk(e)  Concentration  ratio-25; 
temo  ■  133°F  linear  fresnel  concentrator. 


temp  -  133°F 
Annual  electric 
efficiency  =  8.34% 


Single  crystal  silicon  cells 
by  Applied  Solar  Energy  Corp. 
Annual  eff.  after  tracking, 
transmittance,  array  electrical 
losses ,  and  inverter  and 
parasitic  losses. Recovers 
thermal  energy. 


P.  133 


15%  @  86°F  @  AMI  -  cell  4.5kW  ,  (e)  Single  crystal  silicon. 


P.  134 


P.  135 


P.  131,  137, 
138 


efficiency 

9.2%  @  cell  temp.  *»  149°F, 
ambient  =  95°F  with 
parasltics 

11.2%  @  166. 1°F  2 


Conventional  cells : 

13.8%  @  82.4°F  9  15  suns 
12.6%  @  131°F  @  15  suns 
Textured  cells : 

15.8%  @  82.4°F  9  15  suns 
14.6%  <a  131°F  9  15  suns 
Overall: 

Conventional  Cells: 

9.5%  9  82.4°F  9  15  suns 
@  285.7  Btu/Hr  Ft2 
8.3%  <?  131°F  9  15  suns 
@  285.7  Btu/Hr  Ft2 
Textured  cells: 

10.3%  @  82.4°F  9  15  suns 
285.7  Btu/Hr  Ft2 
9.5%  @  131 °F  9  15  suns 
9  285.7  Btu/Hr  Ft2 


Parabolic  trough.  Thermal 
,  energy  recovered. 508  ft2 

aperture  area.  Carousel 
tracking. CR-25 

26  kW  (e)  CR*100;  carousel  tracking, 
point  focusing  fresnel; 
passive  cooling 

Parabolic  trough,  2  axis 
>  tracking;  silvered,  second 

surface  mirrors.  Overall 
efficiency  accounts  for 
s  concentrator  optical  losses 

only.  Experimental  data. 


5%  (measured,  P.137)  60  kW  ,(e)  Single  crystal  silicon 


9%  (projected,  P.  137) 


(V  i  .  Acurex  N-S  parabolic  trough 

85  kw  U)  r'R’36 

Pk 

(P.  137,138) 
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Energy  Conversion  System:  Photovoltaic-  Actively  Cooled 
Parameter:  Efficiency  (Continued) 

Energy 


Conversion 
System  Ref. 

Parameter  Value 

Study  Operating  Plant 

Plant 
Size ,  kW 

Assumptions  of 

Advanced  State  of  the  Art 

P.  177 

20% 

28.5% 

Experimental  Si  cell.  Microwave 
Associates.  100  suns.  AMI. 

Experimental  spectrum  splitting  system 
using  silicon  cell  and  Ga  Al  As  cell. 
Includes  spectral  filter  efficiency. 

P.  182 

17% 

Experimental  N+P  silicon  cell. 

3.1  In2.  50  suns.  AMI.  82°F 

P.  183 

14.3% 

10% 

Average  efficiency.  Range:  13  to 

15.5%.  Experimental  n+  pn+  (Transcell) 
for  double  side  illumination  appli¬ 
cation.  15  suns.  AML.  0.1&  lit2. 
Average  efficiency.  Range  8.5  to  11. 5* 
Experimental  vertical  multijunction 
edge  illuminated  cell  for  double 
side  illumination  application. 

15  suns.  AMI. 

P.  186 

20% 

12% 

Experimental  single  crystal  GaAs 
cell  by  Chemical  Vapor  Deposition 
(CVD) .  n+  P  P+  structure.  AMI. 
Experimental  Ga  As  cell.  Ion  Implanted 
Laser  Annealed  process  (IILA) .  AMI 

P.  190 

18% 

20  kW 

Ga  As  cell  efficiency  0.000  suns. 
Conservatively  estimated.  Design 
goal.  Central  receiver  application 

16% 

20  kW 

Net  Ga  As  PV  array  efficiency  9 

1000  suns.  Conservatively  estimated. 
Design  goal.  Central  receiver  appli¬ 
cation. 

P.  194 

28% 

Experimental  spectrum  splitting 
system.  Si  and  Ga  As  concentrator 
cells . 

P.  196 

17.6% 

Experimental  silicon  cell.  50  suns. 

S'  .v  - 


403 


DATA  SHEET 


Energy  Conversion  System:  Photovoltaic-  Actively  Cooled 
Parameter:  Efficiency  (Continued) 


Energy 
Conversion 
System  Ref. 


Parameter  Value 
Study  Operating  Plant 


Plant  Assumptions  of 

Size,  kW  Advanced  State  of  the  Art 


P.  146 
P.  146 


P.  155 


P.  156 


P.  157 


P.  159 


4.8% 

28% 


30% 


Luminescent  concentrator  Labora¬ 
tory  measurement.  CR=32.  GaAlAs  cell 
Split-Spectrum  cells.  Dichroic 
mirror  and  Si  and  GaAlAs  cells. 
Laboratory  measurement. 

Estimated  efficiency  of  GaAs-Ge 
Monolithic  Tandem  Cells  at  AMI  at 
Multiple  sun  illumination 


STUDY 


Potential  Achieved  Concentration  Cell 

Efficiency  Efficiency _ Ratio _ Technology 


16 

to 

17% 

16.4% 

20 

to 

21% 

18.3% 

18 

to 

20% 

19.2% 

18 

to 

20% 

17.0% 

22 

to 

26% 

20.4% 

24 

to 

26% 

23% 

30 

to 

40% 

— 

30 

to 

35% 

31% 

30 

to 

40% 

26% 

28, 

.5% 

25  to  100 
50  to  200 
50  to  200 
50  to  200 


Silicon 

Silicon. 


Single  P+-N 


BSF  P+-N-M+ 


Silicon  HLE  N+  -N-P 
Silicon.  IBC  (Tnterdigitated  Back 
Contact) 

Silicon  GVJ  (Grooved  Vertical  junction) 
Single  Junction  GaAlAs 
Multiple  JunctV'n  Stai'fe  , 

(GaAsSb/GaAJ  A‘iSn ) 

Multiple  Cell-  Spectral  Separation 
(Ga  A1  As  -  Si) 

5000  to  10000  Thermophotovoltaic  (silicon) 


100  to  1000 
500  to  2000 
500  to  2000 


500  to  2000 


20% 


Experimental  Ga  A1  As  and  Si  cells 
(Varian  Associates)  at  150  suns  (AMI. 2) 
Beam  splitting  two-cell  photovoltaic 
converter. 

Experimental  Etched  Multiple  Vertical 
Junction  Silicon  photovoltaic  cell 
(EMVJ)  (Microwave  Associates).  AMI. 


30.5% 

26% 


32.5% 


Calculated  Efficiency  of  Beam  Splitting 
two  cell  photovoltaic  converter. 

Ga  A1  As  and  Si  cells.  500  suns.  AM2. 
Demonstrated  efficiency  of  beam 
splitting  two  cell  photovoltaic 
converter.  Ga  A1  As  and  Si  cells. 

489  suns.  AMI. 4 

Calculated  average  efficiency  (range: 
31.7%  to  33.1%)  of  beam  splitting 
three  cell  photovoltaic  converter 
Ga  A1  As,  Si,  and  Ge  cells. 
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Energy  Conversion  System:  Photovoltaics-Actively  Cooled 

Parameter:  Volume/Size 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


P.  121  130  modules  @ 

70  x  34.1  ft.  162kWp  (e)  actively  cooled 
Total  area  (aper- 
ature) :  3931  ft2  l020kWp  (th) 


Study 


P.  130  2636  Ft2  10  arrays  with  10  25kW  (e)  Linear  Fresnel  concentrator 

collectors  each,  24  Ft2  pk 

aperture/collector 


P.  133 

P.  134 

P.  131,  137 
138 


P.  130,  131, 
137,  138 


506  Ft2aperture  area 
82  Ft  diameter  (535  Ft2) 


4.5kW  (e) 

pk 

26kWpk(e> 


6  Ft  x  10  Ft  (module,  P.137)  60kW  ,  (e) 

pk 

,  (P.  131) 

13095  Ft2  (Total  array  P.131)  85kW  (e) 

pk 

(P.137, 

138) 

3  Ft  x  10  Ft  (module,  P.137)  27kW  (e) 

pk 

(P.131) 

2636  Ft2  (Total  array.  P.131) 


Parabolic  trough  with  thermal 
energy  recovery.  Carousel 
tracking 

Overall  dimension.  Carousel 
tracking;  point  focusing 
Fresnel;  passive  cooling 
Single  crystal  silicon 
parabolic  trough  N-S 
horizontal 


Single  crystal  silicon 
linear  Fresnel  lens  N-S 
tilted 


P.  131,  137  7  Ft  x  10  Ft  (module,  P.137) 

138 

13837  Ft2  (Total  array,  P.137 
138) 

P.  131,  137  7  Ft  x  20  Ft  (module) 

138 

6725  Ft2  (Total  array) 

P.  128,  131  13073  Ft2  (Total  array) 

138 


llOkW  ^(e)  Single  crystal  silicon 
p  parabolic  troughs 
2  axis  tracking 


47kW  .(e)  Single  crystal  silicon 
P  parabolic  troughs  N-S 

horizontal 


150kW  ^(e)  Polycrystalline  silicon 
a  ...L  reflector  augmented  flat  plate 
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Energy  Conversion  System:  Photovoltaics-Actively  Cooled 
Parameter:  Volume/Size 


Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


P.  Ill 

P.  112 

P.  113 

P.  114 

P.  115 

P.  116 


P.  117 

P.  118 

P.  119 
P.  120 


52  arrays  @  72kW  pk  (e) 

4.6  X  9.1m  +100kW  . 

tn 

59  arrays  @  500kW  ,  ,  .  passively  cooled 

24m  diameter  pk(e) 

@240  modules 

(array  field  300  X  1200m) 

84  arrays  @ 

1.22  X  6.10m  47kWpk(e)  actively  cooled 

(votal  collection  +175kWp.  . 

area  624m2)  ' 

15  subarray  units  150kWpk(e) 

@  139.4m2  aperture 
-  2091m2  total 


11  array  units  25kWpk(e)  actively  cooled 
@2.44  X  0.91m  aperture 
245  m2  total 


9  turntables  350kWpk(e)  actively  cooled 

@46m  diameter  (swept) 

each  turntable: 

24  collectors  @  19.5m2 
aperture 

Total  aperature  ■  %  4000m2 

223m2  aperture  area  2DkWpk(e)  actively  cooled 
total  40  collectors 


10  "heliostats"  @  64kWpk(e) 
61.55  m2  aperture  +400kWp  (th) 
area 


20  subsystems  @ 
131.7m2  aperture 
36  arrays  @  272 
cells 

Total  area  910m2 


200kWpk(e)  passively  cooled 

25kWpk(e)  Martin  Marietta, passively- 
cooled  air 
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DATA  SHEET 


Energy  Conversion  System:  Fhotovoltaics-Actively  Cooled  ‘(Continued) 

Parameter:  Volume/Size 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 


System  Ref. 

msm 

Operating  Plant 

Size.  kU 

Advanced  State  of  the  Art 

Study 

P. 

131,  138 

35616 

Ft2  (Total  array) 

292kWpk(e) 

Circular  Fresnel  concentrator 
Single  crystal  silicon 

P. 

137 

1  Ft  x 

:  4  Ft  (module) 

500kW  .(e) 
pk 

Single  crystal  silicon 
point  focus  Fresnel 

DATA  SHEET 


Energy  Conversion  System:  Photovoltaics-Actively  Cooled 

Parameter:  Weight 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


P  .  116  17960  lb. 

15970  lb. 

305360  lb. 

P.  130  10.6  lbs/ft2 

aperture 
installed 


330kWpk(e)  Collector  wt  (36.710^) 
Balance  of  system  per 
turntable 

Total:  (9  turntables) 

25  kW  ^(e)  2636  ft2  aperture  area. 

Linear  Fresnel  Concentrator 


P.  133  11025  lb. 

Installed 


4.5  kW  .(e)  Parabolic  trough  with  thermal 
p  energy  recovery.  Carousel 
tracking  •  506ft  . 
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Energy  Conversion  System:  Photovoltaics-Actively  Cooled 
Parameter:  Life-Time 


Energy 
Conversion 
System  Ref. 

Parameter  Value 
Study  Operating  Plant 

Plant 
Size.  kV 

Assumptions  of 
Advanced  State  of  the  Art 

P.  115 

20  years 

25kW  (e) 

(Design) 

P.  116 

20  years  2  years 

140kW  (th) 

(demons  t ration) 

P •  128  20  years  150  kW  ^(e)  Single  crystal  silicon.  PV . 

p  Reflector  augmented  flat 
plate  array 

20  years  25  kU  ^(e)  Assumed  lifetime  CR*25.  Single 

p  crystal  silicon  cells.  Linear 

Fresnel  Concentrator 

P*  137  20-30  years  Based  on  prototype  module 

Testing  experience  and 
projected  Improvements 


DATA  SHEET 


Energy  Conversion  System:  Photovoltaics-Actively  Cooled 
Parameter:  Acquisition  Cost  (1980  dollars) 


Energy 
Conversion 
System  Ref. 


P.  1 


P.  10 


P.  121 


P.  130 


P.  133 


P.  134 


Parameter  Value  Plant 

Study  Operating  Plant  Size,  kW 
Goal 


Assumptions  of 
Advanced  State  of  the  Art 


$0.50-$1.30/Wp 


$0. 10-$0.40/Wp 
$1.50-$2.50/Wp 


$2.80/Wp 
$0. 70/Wp 
$0.50/Wp 


$34 /Wp 


$30. 15/ft2 


6500-7000  $/kW 


pk 


$39. 03/ ft2 


System  Cost 


Central 
station 

application  Array  only 

Oil  conservation  baseline 
technology  (system  cost) 


Intermediate 

Intermediate 

Intermediate 


1980  goal 
1982  goal 
1986  goal 


l62kWpfc(e) 

1020kWpk(th) 


25  kW  .  (e) 
pk 


Linear  Fresnel  Concentrator 
Assumed  installed  array  cost 
at  4.9  x  105ft2/yr  production 


4.5  kW  ,  (e)  Single  crystal  silicon; 

p  parabolic  trough;  Carousel 


tracking;  low  production 
volume ;  thermal  energy 
recovery 


26  kVpk(e) 


CR*100  ;  Carousel  Tracking; 
Point  Focusing  Fresnel;  passive 
cooling.  At  105M2/yr  production 


P.  131,  137  FOB  Price  ($/Wp)  9.38  (P.131)  60kW  (e)  Single  crystal  silicon 
138  12.06  (P.137)  .  p  -v  N-S  horizontal  parabolic 

16.00  (P.138)  asiwje)  trough 
pk 

(P.137-138) 

FOB  Price  ($/Ft2)  60.9  (P.131) 

Installation 

($/Ft2)  64.9  (P.131)  Installation  includes 

site  preparation;  structures 
and  foundations ;  ®odule 
installation;  field  wiring; 
lightning  protection. 

Power  Conditioning 
($/Wp)  4.97  (P.131) 


t 


DATA  SHEET 


Energy  Conversion  System:  Photovoltaics-Actively  Cooled  (continued) 


Parameter :  Acquisition  Cost  (1980  dollars) 


Energy 
Conversion 
System  Ref. 


Parameter  Value  Plant 

Study  Operating  Plant  Size,  kW 


Assumptions  of 
Advanced  State  of  the  Art 


P.  131,137 
138 


P.  130,  131 
137,  138 


P.  131,  137 
138 


Thermal  System 

Thermal  system  provides 

($/Ft2) 

10.7 

cooling  and  thermal  energy 

(P.131) 

utilization 

Total  Installed 

38.50 

Total  installed  cost  includes 

Cost  ($/Wp) 

(P.  131) 

buildings,  maintenance  equip, 
and  engineering 

Total  Installed 

249.9 

Cost  ($/Ft2) 

(P.131) 

FOB  Price  ($/Wp) 

11.57 

27ktf  .(e)  Single  crystal  silicon. 
p  N-S  tilted  linear  Fresnel 

(P.131) 

(P.137) 

24.00 

(P.138) 

lens 

FOB  Price  ($/Ft2) 

118.5 

(P.131) 

Installation 

46.5 

Installation  includes  site 

($/Ft2) 

(P.131) 

preparation;  structures  and 
foundations;  module  installation 
field  wiring;  and  lightning 
protec ti»n 

Power  Conditioning  1.42 

($/Wp) 

(P.131) 

Thermal  System 

22.3 

Thermal  system  provides  cooling 

($/Ft2) 

(P.131) 

and  thermal  energy  utilization 

Total  Installed 

35.44 

Total  installed  cost  includes 

Cost  ($/Wp) 

(P.131) 

buildings,  maintenance  equip, 
and  engineering 

Total  Installed 

363 

Cost  ($/Ft2) 

(P.131) 

FOB  Price  ($/Wp) 

8.01 

HOkW  .(e)  Single  crystal  silicon. 2  axis 
p  tracking  parabolic  troughs 

FOB  Price  (Ft2) 

(P.  131) 
7.27 
(P.  137) 
31.00 
(P.  138) 

63.7 
(P.  131) 

DATA  SHEET 

Energy  Conversion  System:  Photovoltaics-Actively  Cooled  (continued) 
Parameter:  Acquisition  Cost  (1980  dollars) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Site.  kW  Advanced  State  of  the  Art 


P.  131,  137  Installation  18.0 
138  ($/Ft2)  (P.  131) 


Power  1.96 

Conditioning  (P.131) 
($/WP) 

Thermal  System  11.2 
($/Ft2)  (P.  131) 

Total  Installed  19.71 
Cost  ($/Wp)  (P.  131) 

Total  Installed  156.7 
Cost  ($/Ft2)  (P.  131) 


P.  128,  131 
138 


P.  128,  131 
138 


FOB  Price  ($/Wp)  9.00  4 

(P.131) 
24.00 
(P.  138) 

FOB  Price  ($/Ft2)  62.9 
(P.  131) 

Installation  ($/Ft2)  36.3 

(P.131) 


Installation  includes  site 
preparation;  structures  and 
foundation;  module  installation; 
field  wiring;  and  lightning 
protection. 


Thermal  system  provides  cooling 
and  thermal  energy  utilization 

Total  installed  cost  includes 
building,  maintenance  equip, 
and  engineering 


47kW  (e)  Single  crystal  silicon.  N-S 
p  horizontal  parabolic  trough 


Installation  includes  site 
preparation;  structures  and 
foundation;  module  installation; 
field  wiring;  and  lightning 
protection 


Power 

3.13 

Conditioning 

(P.131) 

($/Wp) 

Thermal  System 

19.3 

Thermal  sytem  provides  cooling 

($/Ft2) 

(P.131) 

and  thermal  energy  utilization 

Total  Installed 

30.53 

Total  installed  cost  Includes 

Cost  ($/Wp) 

(P.  131) 

building,  maintenance  equip, 
and  engineering 

Total  Installed 

213.4 

Cost  ($/Ft2) 

(P.  131) 

FOB  Price  ($/Wp) 

11.39 
(P.  131) 
17.00 
(P.  138) 

150kW  .(e)  Polycrystalline  silicon. 

@  113®F  Reflector  augmented  flat 

plate 
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DATA  SHEET 


Energy  Conversion  System:  Photovoltaic-  Actively  Cooled 
Parameter:  Aquisition  Cost  (Continued) 


Energy 

Conversion 


Parameter  Value 


Plant 


Assumptions  of 


System  Ref.  Study  Operating  Plant  Size. kW  Advanced  State  of  the  Art 


P.  158  $2. 89/ft2 


$0. 31/Wpk 


STUDY 


Cost  estimate  for  1  M2 ,  10% 
efficient. 

Luminescent  concentrator.  Assumes 
$1000/M2  solar  cell  process 
technology. 


P.  177  D.O.E.  component  cost  gals  for  1982  of 
concentrator  array  at  $2.83/Wpk 

Solar  Cells-silicon  CZ  water.  16% 
efficiency  at  122SF,  $330/ft2  cell  cost 

Cell  Module-passive  heat  rejection. 

Glass  encapsulation  $132/ft2  module  cost 

Primary  Optics  -  30  to  40  suns.  80% 
Optical  efficiency 

Structure  and  Tracking  -  TVo-Axis 
tracking.  0.2s  tracking  accuracy. 

26  ft/sec.  operational  wind  speed 

Factory  FOB  price 

Shipping  and  installation 

Total  installed  array  costs 


Cost  ($/ft2)  of  aperture 
area  (1980  $)  — ' 
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DATA  SHEET 


Energy  Conversion  System:  Photovoltaics-Actively  Cooled  (continued) 
Parameter:  Acquisition  Cost  (1980  dollars) 


Energy 
Conversion 
System  Ref. 


Parameter  Value  Plant 

Operating  Plant  Size.  kW 


Assumptions  of 
Advanced  State  of  the  Art 


P.  128,  131 
138 

FOB  Price  ($/Ft2) 

130.7 

(P.131) 

Installation 

39.5 

Installation  includes  site 

($/Ft2) 

Power 

Conditioning 

($/Wp) 

(P.  131) 

0.77 
(P.  131) 

preparation;  structures  and 
foundation;  module  installation; 
field  wiring;  and  lightning 
protection. 

Thermal  System 
($/Ft2) 

N.A. 

Thermal  system  provides  cooling 
and  thermal  energy  utilization 

Total  Installed 

18.78 

Total  installed  cost  includes 

Cost  ($/Wp) 

Total  Installed 
Cost  ($/Ft2) 

(P.  131) 

215.5 
(p.  131) 

buildings,  maintenance  equip, 
and  engineering 

P.  131,  138 

FOB  Price  ($/Wp) 

FOB  Price  (Ft2) 

9.20 
(P.  131) 
17.00 
(P.  138) 
75.5 

(P.  131) 

292kW(e)  Single  crystal  silicon. 

Circular  Fresnel  concen¬ 
trator,  2  axis  tracking 

Installation 

38.6 

Installation  includes  site 

($/Ft2) 

Power 

Conditioning 

($/Wp) 

(P.  131) 

1.83 
(P.  131) 

preparation;  structures  and 
foundation;  module  installation; 
field  wiring;  and  lightning 
protection. 

Thermal  System 
($/Ft2) 

N.A. 

Thermal  system  provides  cooling 
and  thermal  energy  utilization 

Total  Installed 

20.71 

Total  installed  cost  includes 

Cost  ($/Wp) 

Total  Installed 
Cost  ($/Ft2) 

(P.131) 

169.8 
(P.  131) 

buildings,  maintenance  equip, 
and  engineering 

P.  137 

FOB  Price  ($/Wp) 

10.31 

500kW  ,  (e)  Point  focus  Fresnel  lens. 

p  2  axis  tracking.  Single  crystal 

silicon 

DATA  SHEET 


Energy  Conversion  System:  Photovoltaics-Actively  Cooled 
Parameter:  Thermal  Energy  Available 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size.  kW  Advanced  State  of  the  Art 


Linear  Fresnel  Concentrator 


30 


140  kW  @  115 °F 
tn 
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LA— UP — V9-9S0 

an  interim  status  rcpurt  is  given  on  the  technology  assessment 

OF  SULAK  ENERGY  (TASLI  PROGRAM  SPONSORED  bV  THE  OFFICE  of 
ENV 1 RUNMt NT  OF  THE  OePARTMENT  OF  ENERGY  I  DOE  I .  A  NUMBER  OF 
EMERGING  SULAR  TECHNOLOGIES  ANU  StLECTEO  applications  are  being 
STUDlcD  FROM  ENVIRONMENTAL.  INSTITUTIONAL  AND  SOCIAL 
VIEWPOINTS.  A  BROAD  OBJECTIVE  IS  TO  ASStSS  THE  IMPACTS 
RESULTING  FRtN  The  LARGE-SCALE  DEPLOYMENT  OF  OCCENTRALlZED 

SOLAk  TeCHNULJgIES.  initial  emphasis  has  been  placed  upon  a 

TECHNIlAu  CHARACTlR  IZAT  ILF.  UF  THL  IlCtNOLOGV  AND  SUbSEUUENTLY 
UPON  THE  development  Uf  A  representative  MODEL  SYSTEM  for  a 
GIVEN  APPLICATION  UPON  WHICH  AN  ENVIRONMENTAL  ANALYSIS  COULD  BE 
MAoE.  AS  AN  EXAMPLE.  STUDY  RESULTS  ARE  GtVtN  FOR  A  MODEL 
PrEJTuVUuTAIC  SYSTLM  FUR  RESIDENTIAL  USE.  Tl*  RESULTS  TO  DATE 
EMPHASIZE  T  HI  bCNIGN  NAT  CPE  UF  THE  SYSTEM  OPERAT I UNALLY  BUT 
SUGGEST  tNV 1 KUNMcNl AL  CONCERNS  RELATED  TO  SOLAR  CELL 
MANUFACTURE.  ckfcHoV  STORAGE  systems  and  ultimate  system 
disposal,  thl  environmental  impacts  noted  for  the  photovoltaic 

SYSTEM  Uz SCR  10 EO  HCNEIN  SHOULu  BL  CONSIDERED  FOR  OThEm 
AW»LlLA1IONS  WHEhl  lahgl -scale  usage  or  deployment  is 

PHOJECltD. 

OtS IgN ;tNV IRLMMcNT AL  IMPACTS:  02 l PHOT OVOL T A I C  POWER  SUPPLIES! 
T2SRCS  I  DM  1  Ag  BUIlDINGSSSOLAR  CELL  ARRAYSISULAK  ENERGY:  IIS 
Technology  aeSdSsklnt;  oi 
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»  JUN  IV  ?G 

I  NS 1  1 1 U 1 L  OF  £  LELlk  IlAL  ANL  ElECIRONICS  ENGINEERS.  INC..  NEW 
YURA.  NV 
1  V7to 

EDd  —  IawSwI  •  J.v3ov 

£  Dl  —  I  aO!>u  I 

1  ME  SOla-<  UReEDlR  I  a  AN  eNERuY  SELF  SUFFICIENT  INDUSTRIAL 
HnAUFml I Ok  I No  PLANT  THAT  PRODUCES  NET  ENERGY  IN  T ML  FORK  OF 
SOLAR  ELlCIkIL  PANELS.  Inc  BASIC  PRINCIPLES  UF  iHt  SOLAR 
UREtDcR  SVjILM  HAVE  bELN  DERIVED  Bl  EXAMINING  IIS  TOTAL  ENcRCV 

balance  •  Noi  only  sl.-callLo  direct  lnlr&ils  in  thl  form  of 
uiiLiiY  electricity  ha vi  deem  considered  but  also  indirect 

ENERGIES  CONSISTING  OF  ALL  ENERGIES  EXPENDED  IN  THE  MAN  INU  OF 

the  materials  and  euoipmlnt  used  in  the  manufacturing  process 
of  Ini.  b  At  fc  LcK  SYSTEM..  TWO  PaRAM-TErs  HAVE  BEEN  IDENTIFIED  AS 
ASSUMING  prInE  ImpURIANCL  FOk  uheEOEr  OPERATION  AnO  AS 
stNSlUV.  INDICATORS  FOR  T eChNoLouY  CHANGES.  ONE  IS  The  time 
since  Th.  initiation  OF  IhE  bReeoEr  OPERATION  AT  WHICH  THE 
energy  derived  from  The.  Panel  uuIPdT  BALANCES  The  energy 
hurrOwEL  FROM  SOCIETY  IN  FussIL  form  TO  CONSTRUCT  The  PLANT. 
after  This  time,  called  Thl  eNeRoV  PAYBACK  time  or  breeding 
tiki.  Thl  BMieuLR  Swlr.uS  INTO  The  NET  ENERuY  MODE.  ThL  SECOND 
par A me  Ter  Is  used  Tu  Characterise  IhL  PANEL  LIFE  TIME.  Thus, 
the  bkesg.-r  systems  approach  not  only  helps  evaluaie  foTurc 
SOURCES  L.I  infinite  ANo  inexhaust  idle  energies  but  at  The  SAME 
TIME  provides  VALUABLE  INFOKMATIUN  ABOUT  HOW  TO  APPROACH  THEIR 
LAi.cE  scale  realisation. 

enlrgy  anrlysIs:  us iencrGy  balance ; industrial  plants:  ti: 
MANUFACTUR INc: Nl I  E  NERGY IPAVBAcK  PERI OOI SERv ICE  L I FE I S IMOL AT  ION 
sular  cell  arrays:  u.ui 
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InE  VALIDATION  UF  A  iv-VEAR  SERVICE  LIFE  FUR  LCw-CUsI 

pHuiovuLiAic  arrays  must  be  accomplished  through  accelerated  or 
abbreviated  life -predict  ion  testing,  methodologies  Fur  soch 
Tests  have  been  oevelupld.  the  implementation  of  these 


METHODOLOGIES  REQUIRES  1  HE  I DE  K1  1  F  1C*  T  ION  .  ASSESSMENT  ,  AND 
EXPERIMENTAL  EVALUATION  OF  D1AGN0S11L  TECHNIQUES  AND 
INSTRUMENTS  WHICH  MARE  POSSIBLE  The  MEASUREMENT  OF 
F AILUrE-RELATEO  DEGRAbAllvE  DROME  MTV  CHANGES  OVER  A  SHORT  TIME 
PERIOD  WITH  SUFFICIENT  PRECISION  Tu  ALLOW  THE  PREDICTION  OF 
LIFc  OVER  HO  TEARS.  A  STUDY  IS  BEING  CONDUCTED  WHICH  ADDRESSES 

these  nelos.  array  failure  modes,  relevant  materials  property 
Changes,  and  primary  degradation  mechanisms  are  discussed  as  a 
prerluuisitl  to  identifying  Suitable  measurement  technidues  and 
instruments,  specified  evaluation  criteria  are  applied  to 

SELECT  The  MdsT  PROMISING  TECHMuUtS  AND  INSTRUMENTS  FOR  THIS 

application,  selected  technidues  and  their  characteristics  are 
DESCRIBED.  EXPERIMENTAL  EVALUATIONS  required  to  establish  a 
OASIS  FUR  SELECTING  among  TECHNIDUES  WITH  OVERLAPPING 
CAPABILITIES  AKe  IDLNTIPIED.  as  ARl  NEEOS  FUR  ESTABLISHING  The 
adequacy,  particularly  with  kespc.lt  to  precision,  of  the  moke 
fully  otViLOPEO  techniques  fur  this  application  and  for  the 
experimental  evaluation  of  promising  developmental  techniques, 
measurement  needs  not  saiisfied  uy  presently  available 
techniques/ i Ns Truments  are  also  discussed  and  plans  fur 

EXPERIMENTAL  STUDIES.  CURRENTLY  BEING  INITIATED.  ARE  DESCRIBED. 
OCSC->  IF  I  UrS  E  VACUA  I  ION  ;  F  Al  LURE  S  •  ME  AS  UR  1  NG  INSTRUMENTS  S  ME  ASUR  1 NG  METHODS; 

performance  testing:  giisErvice  lifessolar  cell  arrays:  mi: 
system  fa i lur  analysis:  ui 
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abstract  this  is  the  ninth  quarterly  hepori  under  a  program  to  develop 

internal  class  encapsulation  for  solar  cell  arravs.  The  statos 
OF  DEVELOPMENT  OF  THE  TECHNIQUES  FOR  EMPLOYING  ELECTROSTATIC 
PONDING  IN  CCNJUNLTION  PITH  IERRlSTRIAL  solar  cells  is 
DESCRIBES.  FUNCTIONING  SOLAR  MODULES  HAVE  BEEN  MADE  bv 
ELECTROSTATIC  BONDING  ItSbl  IN  SEVERAL  CONFIGURATIONS. 

INgLUUINg  ESl  total  GLASS  ENlAPSOLAT ION.  ESB/PVb  HYBRID 
ENCAPSULATION.  AND  ESb  F MONT /ORGAN |C  bACK  STSIlMS.  ALL  HAVE 
SHOBN  No  Nil T 1C EAbLL  DEGRADATION.  ELECTRICALLY  OR  MECHANICALLY. 
IN  ACCEL:  RATti)  TESTING.  THESE  TESTS  SHOW  THAT  ELECTROSTATIC 

aiAuii.o  m ill  ol  folly  capable  of  meeting  the  specification  of  a 
*u-tear  lifetime  in  a  cost-effective  manner. 
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abstract  t Conor i c  viability  reuuIrcs  that  photovoltaic  arrays  should 

HAVE  A  Servile  HFl  of  2 l  YEARS  OR  LONGER.  QUALIFICATION  AND 
PcRFONMAi.CE  TESTS  INuiCATL  THAT  PRESENTLY  AVAlLAbLt 
PHOTUVolTA Ie  MODULES  PROVIDE  ACCEPTABLE  PERFORMANCE  AT  THE  T IMC 
of  installation,  this  stooy  is  being  conducted  as  part  of  a 
program  to  develop  and  validate  an  accelenated  test  plan  that 

CAN  bE  Used  to  PRlOILT  Tit  useful  SLR V  ICE  LIFE  OF  PRESENT  AND 

FUTURE  solan  arrays,  previously  a  methodology  was  developed  for 
designing  an  acccleratlu  test  program  incorporating  trade-offs 

between  the  COST  OF  EACH  T t ST  AND  ITS  VALUE  IN  REDUCING  THE 
VARIANCE  IN  IhE  life  PREDICTION  fur  THAT  ARRAY.  THE  OBJECTIVE 
OF  THE  present  study  is  TU  APPLY  This  methodology  to  develop  an 
ACCELERATED  IlST  Plan  TO  PREDICT  The  SERVICE  LIFE  OF  THE  2S-KW 
PFUTUVUL I A  1 C  ARRAY  INSTALLED  NEAR  ME  AO .  NEBRASKA.  POTENTIAL 
LCNG-TERM  DEGRADATION  Moots  FUR  THE  TWO  TYPES  OF  MODULES  IN  THE 
MEAD  array  have  BEEN  DETERMINED  ANC  JUDGMENTS  HAVE  BEEN  MADE  AS 

Tu  those  environmental  stresses  and  combinations  of  stresses 
which  aclelEkaie  the  degradation  of  T Ht  power  output. 
hIemArChIgAL  TREES  representing  IHE  severity  of  effects  of 
STRESSES  (TEST  CUNolTIUNSl  ON  tLEVEN  INDIVIDUAL  DEGRADATION 
MODES  NAVE  b  EE  N  CONSTRUCTED  AND  HAVE  BEEN  PRUNED  OF  TESTS 
JUUuEO  To  bE  NUNEsSENT I AL.  COMPOSITES  OF  TFOSE  TREES  HAVE  bEEN 
OEVEluPED  SO  TfiAT  There  IS  Now  UNc  PRUNED  TREE  COVERING  tIGHT 
0LGRA0A1 ION  FkJDeS,  ANOTHlR  COVERING  1*0  DEGRADATION  MOOES.  AND 

a  third  covering  j<l  olgnaoaiion  modc.  these  three  composite 

Trees  FU.F,  T FC  BASIS  FOR  SELECTION  OF  TEST  CONDITIONS  IN  THE 
FINAL  Test  PLAN  WHICH  IS  NO*  bEING  PREPARED. 

aging:  ui jfurecast ing.mauri als  testinginebraskaiservice  life: 
gIISOLAr  Cell  arrays:  II  ISTRESSEEITEsTING;  ul 
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lit  Ol  p  Ar  1  ML  NT  OF  ENERGY  MAS  SE 1  A  20-VEAk  LIFETIME  GOAL  FOR 
TERRESTRIAL  PHOTOVOLTAIC  MODULES.  MASSACHUSETTS  INSTITUTE  OP 
TECHNOLOGY'S  LINCOLN  LABuRATuRY.  IN  ITS  CAPACITY  AS  A 
PHUTOVULTAIC  F  1ELL>  TESTS  AM)  APPLICATIONS  CENTER.  HAS 
cST AoL  1  SntO  VARIOUS  EXPERIMENTAL  TEST  SITES  IN  ThE  UNITEO 
SIATlS  Ranging  in  slit  FROM  b. I  TO  25  Kw  OF  plan  POwtR.  THESE 
SITES  SEkvl  AS  TtST  BEDS  EUR  PnOlUVOLlAlC  SYSTEM  COMPONENTS  AND 
INCLUDE  kOuULES  FROM  several  MANUFACTURERS.  ThIS  REPORT 
SUMMARISES  Tl^  ACTIVITIES  OF  THE  MATERIALS.  PROCESSES  AND 
Itbl INu  LABORATORY  UE  IHC  SOLAR  PHOTOVOLTAIC  PROJECT  DURING  A 
I fhlE  -mun  1  H  (10/1  /7c — 12/31/761  PEMluO.  PARTICULAR  ATTENTION  IS 

given  to  testing  and  analysis  of  solar  modules  from  the  mead, 
nelrasna  site,  vh lo h  contains  a  <ske  array,  a  trip  to  the  site 

•As  MAut.  WHcRt  VARIOUS  TESTING  AND  INSPECTION  PROCEDURES  kERE 
FullOwEd.  IN  URULR  ID  ASCERTAIN  THE  PHYSICAL  AND  ELECTRICAL 
DEGRADATION  WHICH  HAD  OCCURRED  IN  MOOOLES.  IN  ADDITION.  SEVERAL 
MODULES  kL  R  t  R'EMOVEO  iFUR  MURE  DETAILED  TESTING  AND  INSPECTION 
IN  IrlL  LABORATORY.  the  RLSULTS  U F  bOTM  THE  FIELD  TESTING  AND 
LR.Uk.1umY  analyses  aKe  REPOrTEd  here. 

SLiCTKlLtL  Pro PE  k 1 1 ES 1  I NSPEC  T 1 uN ; NEBRASKA .PERFORMANCE  TESTING! 
GISPHVSIcrL  PROPER!  IL.SiPUWtR  RANGE  10-100  MklSERVICE  LIFE!  SOLA  K 
LLLL  akR.ys:  T i; Thermal  dl gradation:  ul 


P-34 


ALctcSlDN  n-j. 
TITL--  P.’.l 
EUIId-  D '  LUMP 
CuhKIh. T  c  AUIH 
PA.h  NO 
AVAIcAjI lit y 
GjNTmmuT  Kw 
date 

CaTcuO.I 
PR  I mart  CA I 
REPORT  No 
AdsT iAeI 


OLSChIPTvXS 


7VN00ulcl>- 

MANUAL  For  The  SOLAR  TOTAL  cNLRGT  SYSTEM  EVALUATION  PROGRAM 
MLF  AmLAKj*  b .L . 

AlUk.lEs  1  NT  L  hN  AT  1  UN  AL  U1V..  CANOGA  PARK,  CA  (USAI 

IDS 

DcP.  Nils.  PL  AUt/Kf  ADI. 

CCFtlHAcl  LV-7q-C-U<*-07eV 
FcE  I v  7  v 

tuu-i.oTi.* ;  2  vddoo  ;  i  adcdO 

eDb-Iau  7e* 

SAND — 7  6-7GAE 

Tt*.  MATHEMATICAL  MODELS  USED  UY  THE  SOLAR  TOTAL  ENERGY  SYSTEM 
EVALUATION  PROGRAM  (sltStP)  ARE  UcSCRIBED  ANU  THE  BAY  THE 
SYSTEMS  MERE  SELECTED  IS  DISCUSSED.  THE  DATA  RETIREMENTS  ARE 

dlfinco.  the  uuTput  upticws  and  program  limitations  are 

DESCRIBED.  Alt)  SAMPLE  PROBLEMS  THAI  CAN  BE  UStD  TO  ENSURE 

proper  Program  operation  are  oislussEd.  The  cot  itself  is 

OESCR lcLJ  SLUUEN1 I  ALLY.  A  DETAILED  FLUM  DIAGRAM  OF  THE  STESEP 
Cude  and  a  glossary  uf  the  code  symbols  are  given,  imhri 
comparative  evaluations:  u i .02 s computer  cooes:  13.01.02: 

Flos she ets: m anuals : pho t o vul t a ic  pomer  plantsss  codes:  03:solar 
power  plants;  T2. 01 isulak  thermal  power  plantsstotal  energy 
systems:  ti 
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evaluation  of  available'  encapsulation  materials  for  low-cost 
long— l ifl  silicon  photovoltaic  arrays.  final  report 

CARM  I GM  Ac  L  •  O.L.  «  GA1  NtS  .  G  .  O  .  I  NOEL  .  G  .  T  .  (  SL  1EMCRS  .  F  .  A  .  ( 
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TFHEE  TVPCS  l f  ENCAPSULATION  DESIGNS  WERE  EVALUATED  bASEO  ON 
TFCIR  POTENTIALLY  LO«  MATERIALS  AND  PROCESSING  COSTS!  II 
PLCVMERlv.  COAT INcS  -  TRANSPARENT  CONFORMAL  COATINGS  OVER  THE 
CELLS  ■ I TH  A  S IKUlTokAL-SUPPORI  SUUSTRATEi  21  PLLVMER1C  FILM 
LAMINATION  -  CELLS  LAM IN A1 E D  BtlaEEN  1*0  FILMS  ON  SHEETS  OF 
POLYMERIC  MATERIALS!  AND  31  CLASS-COVERED  SYSTEMS  -  CELLS 
ADHESIVELY  ucpiOcD  TO  A  CLASS  COVEN  I SUPERS1R AT E I  *1Tm  A 
PULYMERlL  P01TANT  AND  A  id. ASS  OR  OTHER  SUBSTRATE  MATERIAL. 

MATERIALS  that  are  presently  available  *ere  investigated  for 
possisle  use  in  these  encapsulation  systems,  results  are 

REPUR 1 L D  FOk  10  POLYMERIC  CONFORMAL  COATING  MATERIALS.  A 
PUCYMLK  PUTTANl.  ANl  II  POLYMERIC  FILM  AND  SHEET  MATERIALS.  AS 
CANDIDATES  FlH  EoNolNC  POLYMERS  TO  POLYMERS  Ok  cells  in  the 
FABRICATION  IF  ARRAYS,  lb  ADHESIVES  *ERE  SOb DEC T Ed  TO  SCREENING 
EVALUATIONS.  CLASS  NATLRlALS  THAT  vtRE  STUDIED  FOR  USE  AS 
COVLMS.  AN1>  AS  SUbSlRATES  IN  SOME  CASES.  INCLUULu  BOROS1L1CATE 

class:  su-lallED  irun-frle.  on  lo« -iron-content  class:  and 

SuOA— L I  Me  — F  LuA 1  CLASS.  FUUR  POLYMER  ADHE S I VE S/POT T ANTS  FOR  USE 
IN  FALRlLATlH.  CL AsS-CUVLRt O  ARRAYS  MERE  EVALUATED.  THE  CELLS 
USED  IN  THIS  STUDY  *ERt  PURCHASED  FROM  A  COMMERCIAL  SUPPLIER 
AND  HAVE  AN  SIU/SUS  X/  ANT IREFCtCT ION  (ARl  COATING  ANO  A 
S  IL  x  —SC  ht  cNLu  AC  ME  TALL  1  2  A  T  ION  .  EVALUATIONS  OF  Tnc.SE  MATERIALS 
ARE  KbPORTED  *HI CM  INCLUDE  LIGHT  TRANSMITTANCE  ME ASUREMENT S* 
MUISTUkE  eARRlbR  PROPERTIES.  BOND  STRENGTHS.  AND  PARTICULARLY. 

ifc  performance  of  encapsulated  cells. to  characterize  The 
per f ohm anl t  i>  thlse  designs  and  encapsulation  materials. 

MEASUREMENTS  «EHc  MAdL  OF  AS-MANUF ACTUREO  CELLS.  AS-CLEANED 

cells,  encapsulated  lllls.  and  encapsulated  cells  that  mere 

EXPCsLD  TO  OIFFERLNI  LtvCLS  OF  ULTRAVIOLET  RADIATION.  HIGH 
HlXlDllY.  AND  TLMPekAIURE  CYLLINc.  (MHXl 

descriptors  adhesives:  d.tc: ant ireflectiun  coatings:  d:cleaning;coveri ngs: 
d.ts:elelth1l  coktacis:  o: lllc ir ical  properties:  d: 
f.NLRPsuLRi  ion:  o.  ij.dI  .uetlvaluat  iun:experimental  data:  o: 
films:  dsolass:  c;mumiduy:  d:  infrared  radiai  ion:  dilamellae:  o 
lIchi  transmission:  u;naTerials  testing:  D.us.c«.cs.Gb.G7.ob ; 
optical  pruferiils:  dspemformance  Testing:  d;rlastics:  d.te: 
POLTMLRs:  D.T7 ;PROTeC1 i vl  cortings:  o.taiservice  life: she cTS:  c 
silicon  sol ak  cells:  u.te;solxr  cell  arrays:  d.ti staples:  o: 
thermal  cycling:  d; ratcrphoof ing: meathering: 

D  .C  1  .  G2  «u„.  .  u%.  US  .Wo  iU/.UC  :  *  L 1 GHT  •  D 
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7VROOSA A«  1 

SPECIFICATION  FOR  THERMAL  CYCLING  TEST  ON  SAMPLE  of  mivr  solar 

ARRAYS 

SEEbOLDT.  J. 

ROYAL  NEIHLMcANJS  aircraft  factories  fokker.  schiphoc-oost . 
SPACE  01V. 

7 

NT  IS  PL  AOi/FF  AC  1  . 

20  OEC  Iv7c 
EUb-lAOSCI 
EDe-lACbul 
N — 7b-2b«.|« 

THE  THEhmnL  CYCLIC  1LSTS  TO  b£  CARRIED  OUT  UN  A  SAMPLE  OF  NlvR 
SOLAR  PANEL  SObSTKAlc  IS  SPtcIFIcO.  IN  THIS  SUBSTRATE  A  NuMbtR 
OF  CONNECTIONS  BETmLLN  DIFFERENT  MATERIAL  ARL  PRESENT  SUCH  AS 
CAMBON  FlbEk  Tu  KL  S IN  *  AL  ALLOY  nuNEVCOMB  TO  CARbON  FIBER 
COMPOSITE  F  ACE  SHELT .  ANU  U— SHAPED  tOGEMEMBER  TO  HONE YCOMb  CORE. 
THE  OBJECT  1 VL  UF  THL  TeST  IS  TO  OiKJNSIRAlt  THAT  THIS  SAMPLE 
CAN  SURVIVE  700  THERMAL  CYCLES  BET SEEN  -170  C  ANU  «B0  C 
(REPRLsENTAT 1VL  FOR  THE  SERVICE  LIFE  OF  THE  SUCAU  ARRAY) 

* I THOU I  UCLAMl NATION  UR  OT  HER  FAILURES. 

FAILUkCs: HUNl YCOMb  Si HOC  TORES: SLrV ice  lifeisolar  cell  arrays: 
II: SUBSTRATE  SI TE  ST  I NG « THERMAL  CYCLINGS  O! 
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YrfcKMAL  AND  OTHER  IE  Si b  OF  PHOTOVOLTAIC  MODULES  PERFORMED  IN 
NATURAL  SUNLIGHT 
STULTz.  J.w. 
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D0E/JPL/I012— 7P/V 

TNi  ELECTRICAL  POWER  OUTPUT  UF  PHOTOVOLTAIC  SOLAR  CELL  MODULES 
IS  DEPENDENT  UPON  THt  OPLRAIINg  TEMPERATURE  OF  THE  CELLS.  AND 
DECREASES  AT  A  HATE  OF  APPku A 1 MATELY  O.SX  PEM  »SUP  OSC  VI TH 
INCREASING  CELL  TEMPtkATURt.  OECAUSL  OF  THIS  TEMPERATURE 

sensitivity,  it  is  important  to  understand  the  thermal 

CHARACTERISTICS  OF  MOUULES  SO  THAT  MODULES  AND  THEIR  SUPPORTING 
STRUCTURES  CAN  bE  DESIGNED  TO  REDUCE  CELL  TEMPERATURE  TO  ThE 
tXTcNT  TnAT  IT  IS  COST -t FF EC  I  1 VE .  AN  UNDERSTANDING  OF  MODULE 

operating  temperature  characteristics  is  also  necessarv  to 

ALLUV  ACCURATE  PRLDlcTIUN  OF  MODULE  POWER  OUTPUT  UNDER  FIELD 

operating  conditions,  and  to  allow  accurate,  comparison  of  the 
fielo  Electrical  performance  of  different  muddle  designs,  the 
ACTIVITY  described  WAs  conducted  THROUGHOUT  1 V77  AND  DURING  ThE 
first  half  of  IV 7b •  AS  A  PART  OF  THE  ENGINEERING  AREA  OF  THE 
JPL  LOW-COST  SOLAR  ARRAY  I LSA I  PROJECT.  THE  toOLK  OF  THE  TESTING 
HAS  BcEN  1  HE  CHARACTERISATION  of  TWENTY-NINE  MODULES  ACCORDING 

to  their  nominal  operating  cell  temperature  inoct i  and  the 

EFFECI  01.  NOCT  OF  changes  IN  MODULE  DESIGN.  VARIOUS  RESIDENTIAL 

roue  mounting  configurations,  anu  dirt  accumulation,  other 

TESTS.  OF  1 E I.  PLKF'URMEU  PARALLEL  WITH  THE  NOCT  MEASUREMENTS. 

lvaluted  the  improvement  in  elecirical  performance  bv  cooling 
the  modules  wi ih  water  ami  by  channeling  the  waste  heat  into  a 

PFIASC.  change  material  I  WAX  I  .  ELECTRICAL  DEGRADATION  RESULTING 
FRuM  THE  NATIRAL  MAmrIAlE  OF  PHOTOVOLTAIC  AND  SOLAR  WATER 
HEATING  KjDUlL  S  WAS  ALSO  DEMuNSTkA TED.  COST  EFFECT 1VNESS  OF 
LACH  Or  THLSL  TLLHNIuUES  ARl  EVAcUATcD  IN  LIGHT  OF  ThE  LSA  COST 
GOAL  OF  Ag.SC  PER  WATT. 

LlPslNEU  collectors:  Ti; COOLING  S Y ST E MS SDE S I GN ; E FF 1 C I ENCV ; 
ELECTRICAL  PKOPCMT  IEsJOPeRAT  ION;PtRFuRMANCE  TESTINC.:  01.021 
RESEARCH  PROi».AMSisDLAk  CE CL  ARRAYS:  T 1 S T t MPERAT URL  DEPENDENCE  I 

temperature  lffecis:  oiiwino 
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MOTOR  START  IK.  WITH  PV  SYSTEMS 
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CONF  — 7SGG1 V - 1  V 
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JUN  I V7E 
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c  Db  —  1  A  CSC  I 

10-MP  MOTOR /tAJMP  COMBINATION  FOR  PHOTOVOLTAIC  IRRIGATION 
DEMONS! NAl ION 
COO— -WOVr-IG 

if  photovoltaic  power  systems  ipvpsi  are  to  have  significant 

l*' ACT.  T  Ht  Y  MUST  be  ABLE  ID  ACCOMMODATE  AC  MCTDR  CUAOS.  IF  AN 
INDUCTION  moTOR  IS  sTAHTtO  AT  FULL  VOLTAGE.  IT  NORMALCY  DRAWS 
SEVEN  TO  NINE  TIMES  ITS  FOCC  LOAD  RATED  KVA  DURING  THE  TIME 
NECESSARY  TO  ACCELERATE  FROM  STALL  TO  FULL  SPEED.  IN  A  SMALL 
POWER  GENERATION  SYSTcM  WHERE  The  MOTOR  IS  THE  PREDOMINANT 
LOAD.  THIS  STARTING  TRANSIENT  DETERMINES  THE  S I  Zt  OF  MAJOR 
system  Components,  in  particular  thl  inverter,  additionally  if 
THERe  IS  Nu  STORAGE  TO  PROVIDE  SYSTEM  ••STIFFNESS".  THE 
STARTING  TRANSIENT  bECOMLS  A  CRUCIAL  CONSIDERATION.  AN 

attractive  Solution  ID  The  AbUVE  PROdLEMS  is  to  utilize  a 

VAR  1 Abet  VOL IAgE/FReuUlNCY  MuTUM  STARTING  SC  Ht  RE .  THE  MOTOR  IE 
STARTED  AT  LUW  FHeuUeNCY,  ANu  A  CORRESPONDINGLY  SCALED  VOL  T  AGE . 

The  voltage  anu  fkcluEncv  are  doth  slowly  increased  to  the 

NOMINAL  RUNNING  VALUES.  ThIS  PROCEDURE  ALLOWS  STARTING  THE 
MOTOR  WITH  STALL  TuRwUE S  COMPARABLE  TO  THOSE  Ob 1 A I NED  FROM 

across-ihe-l Ini  starting  but  with  virtually  no  input  power 
transient . 
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DESIGN:  Del tL£  CTR  1C  CONI ROLLeRSIeLeCIR 1C  MOTORS:  Ma ; ELECTRON IC 

circuits. inveriers:  M<,uii irrigation:  m3 {Photovoltaic  poser 
plants:  miipcmps:  gjisular  clll  arrays; star: -up:  u*;testing; 
ii>,GUt ;  transient  s;  volt  agl  regulators 

00  I -GOO  JO  vs/ /  A  V 

NO.  7NC00S44.J3 

)  PHUTUVULlAlC  PUStk  SYSTEM  F 1 LLO  TESTS 

COMP  PURE.  M.O.!  MAIL  IN,  R.». 
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Inc  Exist  INC  ANO  PLANNED  FIELD  TLST  SYSTEMS  ASSOCIATED  GITh 

mii/lincuen  laboratory's  photovoltaic  field  tests  and 
applications  PI.UJLL1  ARE  REVICSbu.  THE  SYSTEMS  DISCUSSED  ARE  PV 
AIXICULIgrAL  testing  AT  MEAD.  NEBRASKA,  which  includes  thl 
exisTikl  is  n«  mean  system  as  sell  as  on-going  development  of 
very  small  •  *M  IcRU-IkRIGAT  ION*  »  SYSTEMS  consuming  LESS  THAN  1 
ns  peak;  a  i .g  ns  system  installed  at  the  Chicago  museum  of 
SlIeNlE  rNo  industry;  Ink  LINCOLN  PV  SYSTEM  TE!T  FACILITY  AT 
LEaINGTDN.  NASsaChUScT TS ;  FOUR  RcAL-TIME  enourance  test  SITES 
locaTlg  in  i Ft  northlast ,  The  natural  dridges  icc  ks  pv  poser 
system;  and  a  **u  as  pv  puslr  system  for  one  am  radio  station. 
lit  LAlltR  1  «J  SYSTEMS  AmL  Presently  being  DEsIgN-D.  experience 
gained  Frum  lHLSE  PROJECTS  ARt  DISCUSSED  IN  TH£  CONTEXTS  OF 
STORAGE.  SYSliF.  REL  IAIiIl  1TY  AND  SAFETY.  EFFICIENCY 
IRPlICATIuNS.  ANO  COSTS  rO*  PV  STRUCTURAL  ANu  FOUNDATION 
ELEMENT  S. 

S  DEMONS  I  r  a!  1  uf,  rMUGJAMs:  wl  •  EFF  I C  I  eNC  Y  ;  1RR  1GAT  I  UN ;  PERFORMANCE 

Tcstinu:  ui sphotovultaic  POwtR  plants:  ti;pobER  range  i-ic  as; 
poser  HANuL  lu-IGO  N»;KAL|U  EUUIPF1ENT  POsER  SUPPLIES; 

RtL  (ABILITY;  SAFc  T  Y  I  Sl-lAR  CELL  arrays:  test  facilities 

Go  1  — CObuOYS//  !w 

nd.  7yx0047c  7C 

>  LDS-CUST  SULAr  array  project.  lsa  field  test  annual  report, 
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t he  jpl  life  testing  program  fur  solar  cell  arrays  is 
OESCRIbEu.  lie  TlSTING  SITES  incluoe  one  at  jpl.  one  at  taele 
MOUNTAIN  In  the  SAN  btkNARulFCl  MOUNTAINS.  ONE  IN  THE  DESERT  AT 

golustunc.  nl am  darsIj*.  California,  and  one  at  the  coast  guard 
facility  ai  po in i  villntl  on  Thl  palos  vlroes  peninsula.  The 

TEST  STANDS  AND  PATA  ACwUlSlTlUN  SYSTEMS  ARE  OESCRlbEO.  AND 
TEST  RESULTS  ARt  PReSENIED  AND  DISCUSSED,  (shr) 
s  DATA  ACUUISITION  SYSTEMS  ELECTRIC  AL  PROPERTIESIPERFOrMANCE 

testing:  cictRvict  lifcisular  cell  arrays:  ti;tlst  facilities 
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A  TOTAL  uF  •  V5  C  1 1 A  1 1  uNS  ARE  PRLbENTcD  IN  Inc  FOLLOWING 
CATEGuRlLbS  LNERGY  OvtkVlEWS;  SOLAS*  OVERVIEWS;  ECONOMICS  AND 
LA*  S  TrltkMAL  FOitS*  S  ThERMIONIl/TmeRMUElECTRIC;  OCEAN  THERMAL 
DIFFERENT  IALS  MIKE  POWER  CONVERSIONS  elOMASSS  RESIDENTIAL  POKER 
ANu  LARGE  SCALE  PhUTuVUL  IA  1C  •  hYuROglN  PRODUCTION.  AND  OTHER. 

AN  AUTHOR  INDEX  AND  A  PERMUTED  TIT Lt/SUGJECT  TERM  INDEX  ARE 
INCLUDED.  IMF*.) 

slcLIUGRAPnlEs S  Gl.uc.Q3.G4.ub.UG.U7. 06. OO.OlESbIOMASS:  TSS 
ECUNUmICsSENEkuT  CONVERSIONS  T I  I SHYDROGtN  PRODUCTIONS  T7  SOCtXN 

Thermal  purer  planTe:  T3 sphuTuvgwT a|C  purer  planiss  tbs 

RES I DE  Nil AL  bU ILDINGs  SREVIEMSS  g 1 V .ul 1 SSOLAR  ENERGY S  TIOSSOLAR 

po»er  plants:  iissolar  rights:  tiessclar  thermal  poser  plants: 
icsthlkriqml  ujnverTlrs:  tsstherp.oelectr ic  genlrators:  to  ; *  in l 
power  plants:  t* 

u  / /  Vv/s/oOuOLu 1 -Ltuuo VS//  Sc 
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AUTHOR  Arr  LOlURAOD  SIAlC  UN1V.,  PORT  CULL1NS 
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SEC  RtPl  NU  LUNF -76 1 Cut - 
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preliminary  impact  and  penetration  analyses  6y  studying  pv 

GENgRA  T 1CN  IN  TMRg  fc  actual  UTILITY  SYSTEMS.  CONVENTIONAL 
UTILITY  LOSS-OF-LOAL  PROBABILITY  AND  PRODUCT  ION  SIMULATION 

methods  were  used,  along  with  a  pv  plant  performance  model 

dzVgLUPLD  FDR  1HL  STUDY. EVALUATIONS  WERE  BASED  on  COMPARISON  of 

Iutae  utility  generation  system  costs  with  and  without  pv 
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CSTF  DESIGN  ID  BEST  SATISFY  THE  NEEDS  OF  THE  ELE'.TNIC 
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IhIS  SPECIFICATION  PROVIDES  NtAR-TtRM  DESIGN.  QUALIFICATION  AND 
ACCEPTANCE  kLUUIREMENIS  FOR  T Ekkt STR I AL  SOLAR  CELL  MODULES 
SUITABLt  FUR  INCONPUkATICM  IK  PMUIOvULTAIC  POWER  SOURCES  (2  KM 
TO  >0  k«>  APR.  IE  D  TO  SINGLE  FAMlLT  RESIDENTIAL  INSTALLATIONS. 
RtOUIRtktNT  LEVELS  AND  RtCOMMtNUEU  DESIGN  LIMITS  FOR  SELECTED 

PERFORMANCE  CRITERIA  have  BE in  specified  for  modules  intended 
PRINCIPALLY  KlR  rl/ofiup  installations,  modules  satisfying  The 

HcoulKcMcNlb  OF  Ini s  SPECIFICATION  FALL  INTO  ONE  OF  Two 
CAT  EGOR  It  b .  FE.S1DLNTIAL  PANEL  OR  RESIDENTIAL  SHINGLE.  DOTH 

meet  Inc  general  performance  reouihements  plus  additional 
category  peculiar  constraints. 

ULSIbMLLtC  Tkl  l  GROUNDS  1  EL  cC  T  R  1C  AL  PROPERT  IE  SSHA IL IHUM  ID  I  T  T  ; 
INSPECT lONSMrCnANICAL  Tfc ST S: PtRFukMANCfc I PERFORM ANCE  TESTINGS 
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A  CE-VEAI.  LIFE  like  GOAL  MAS  SET  FOR  TERRESTRIAL  PHOTOVOLTAIC 
MUDULLS.  Mil /L L  IN  ITS  CAPACITY  AS  A  PHOTOVOLTAIC  FIELD  TESTS 
AM/  APPL  1LA1  IONS  CENT  tR  HAS  ESTAuLlSHED  VARIOUS  EXPERIMENTAL 
TEST  slTtl  IN  the  UNITED  STA1ES  RANGING  IN  SIZE  FROM  0.1  Y 0  2S 
Kb  OF  PLAN  PUbER.  TnCSL  SITES  SERVE  AS  TEST  bEDS  FOR 
PmOTOVOLIAIu  SVSTlM  LUMP IXEN T s  1NCLUUING  MODULES  FROM  SEVERAL 

manufac tuners,  module  endurance  in  various  climates  is 
CuKTINUAllY  tclNv  evaluaud  relative  TO  THE  20-YEAR  goal  and  In 
ADDITION  THE  EFFECTS  OF  SOIL  ACCUMULATION  ARE  toE I NG  MONITORED. 
DEGRADATION  lF  plan  PURER  has  bELN  MEASURED  As  A  FUNCTION  OF 
TIME  AND  The  PHYSICAL  CHANGES  CAUSED  bV  MEAT  HER |NG  HAVE  BEFN 
RECORDED.  ID  OA1L.  OF  3l«00  MUbUCES  DEPLOYED  AT  VArIUUS  SITES 
FOR  PERIODS  LF>  Tu  lo  MONTHS.  ONLY  «  HAVE  FAILED.  THIS  LEVLL  OF 
PtRF uhmanCE  FA k  txCtcDS  ALL  E XPtC T AT  I ONS.  SITE  SPECIFIC 

electrical  am  physical  degradation  and  purer  loss  due  to  soil 

ACCUMULATION  ARE  RCPURTEg  IN  THE  TEXT  FOR  FOUR  DIFFERENT  T YPeS 
OF  MODULES. 

cll  ani ng ; lor  nj  sionsuamagesdustssene  rg  y  lossessfailoress  gi ; 
performance:  ui:service  lifeisolar  cell  arrays:  ti:test 
FAClLl T Its: b LATHERING 

GOGwPVS//  Sc 

FVRuGUA V  In 

IFFt  IGA  I  ION  SYSTEMS  FUR  T HE  sUL AR-PHOTO VOL T A 1C  ENERGY  PROGRAM 
TMERSNY.  M.(  FISLHuACn,  P.|. 

MASSACHUSETTS  INS 7 •  OF  TtCn..  LEXINGTON  (USAI.  LINCOLN  LAb. 

SS 

OEP.  NT  Is.  Pl  A0*/MF  AOl. 

LDNTRAC1  EV-7o-C-G2-*DV4 
27  NOV  lv7c 
EUb-1 aOgOI :Sto3000 

tl/fc- 1  A  OSU  1 
COG— —R  gV  a— 2 

ThE  VIAE1LI1Y  OF  SOLAr  PHOTOVOLTAIC  ( PV )  POMER  SYSTEMS  IS 
C(F>S1DERlD  FCX  TwLcVl  FARM  IRRIGATION  SYSTEMS  IN  EIGHT  MAJOR 
IMilGATUtN  SlAlLS.  FOUR  JF  ThE  SI  A  TE  S  — Ak  1  ZONA  ,  CALIFORNIA. 
NEBRASKA.  TEXAS— ARt  1  HE  MAJOR  U.S.  CONSUMERS  OF  PUMPED  AF  0 
APPLIED  IHRIgAUuN  bATER.  PRIMARY  ENERGY  REQUIREMENTS  OF 
IRRIGATION  SYSTEMS  SHOW  THAT  AuTu-SORFACE .  GATED  PIPE  SYS  CMS 
WITH  MAItk  rl-USL.  AND  TRICKLE/DrIP  SYSTEMS  HAVE  THE  MUST 
CLMPAT  lt.Lt  LUb-tNLRGY  REQUIREMENTS  TO  APPLY  HATER  WITH  PV 

afmavs.  pumping  energy  reguired  bv  present  pv  arrays  ranges 

FROM  0.5  TC  U. 7  MILLION  oT US  TO  LIFT  AND  APPLY  ONE -ACRE-FOOT  OF 
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M A1C R  FROM  *  1U1IC  SO-FuUI  LIU  t>Y  LOW-LIFT  IRRIGATION 
SYSTEMS.  SOLW-CtLL  arrays  INTEGRATED  INTO  FARM  SYSTEMS  CAN  BE 
SUbSTl TuTCd  FOR  IRE  t  SC ALA  T I  NO  COSTS  OF  OTHER  POWER  SOURCES. 
lHL  LOW  power  if  PV  ARRAYS  CAN  BE  KEYED  TO  The  ENERGY 
RLUU IKE  Ml  NTS  OF  EAlLNSlYL  AufOMAllUN  IN  IRRIGATION  AND 
CO-LINrEo  WITH  OIHcR  LOW-ENERGY  farm  USES. 
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ABSTRACT  A  SOLAR  cATTCrY  (SB)  wnILn  IS  A  MATRIX-TYPE  COMPLEX  OF 

I NOE  PLnOc  NT  L  Y  FAILING  SOLAR  CELLS  (SC)  IS  CONSIDERED.  THE 
COMMUTE! ION  SCFEMt  PROVIDES  lHAT  EACH  FAILURE  Is  EuOl VALENT  TO 
THE  ELIMINATION  OF  The  failed  SC  F RUM  THE  SU.  THL  RELIABILITY 
INDEX  OF  A  Sr  Is  ITS  EXPECTED  OUTPUT  POWER  IOP)  AT  A  GIVEN 
OPERATION  time  T.  PIT).  The  l-V  Curve  of  ale  SCS  IS  ASSUMED  TO 
Bt  I0LNT1LAL  AND  INVARIANT  DURING  OPERATION.  RELIABILITY 
SIMULATION  WAs  made  bY  UbTAlNlNG  A  ••BUNDLE' •  OF  P(T)-CURVES. 
EACH  pi T I-IrNJeCToRY  is  A  STtPwlSt  RANDOM  FUNCTION  OBTAINED  BY 

means  if  a  failure  time  generator  and  by  a  random  choice  of  a 
failed  el.  a  method  fur  rapid  computation  of  the  op  is 

otStRlccD.  A  SIMULATION  WAS  MAUL  FDR  A  LARGE  SB  WITH  10.000 
SLS.  ASSUMING  failure  RATE  lambda  a  I0SSUP  -fc»  MRASUP  -l».  OVER 
A  TIME  Period  of  /SG.OGv  HR.  TnE  OP  BEHAVIOR  WAS  EXAMINED  UNDER 
OIFFeREM  Sb  STRUCTURES  ANu  FOUND  THL  6EST  TYPE  OF  STRUCTURES. 
ALSO.  The  influence  UN  I HE  UP.  UNOCN  A  FIXED  STRUCTURE .  OF  The 
LnOlCL  Or  The  NOMINEE  CURRENT  WAS  STUDIED.  IF  SC  FAILURES  AML 
IGNORED,  I HE N  lHL  BEST  CHOICE  IS  1HE  CURRENT  PROVIDING  THE 
MAXIMAL  up.  OUT  THIS  LEADS  TO  A  VERY  UNSTABLE  Sb  WHOSE  OP 

decreases  drastically  after  a  certain  percentage  of  scs  have 
failed. 

DESCRlPIurtS  CALCULATION  FC  THOds (ELEC 1R ICAL  PROPER T IE  SI F A ILURESi RbL I AB 1 L I T Y : 
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ABSlRACT  1  Ft  APPLICATION  OF  SOLAR  CELLS  FOR  TERRESTRIAL  PURPOSES  ARE 

INCREASING  ANd  Inc  PERFORMANCE  OF  known  DEVICES  HAVE  TO  BE 
Rc-ANALYClO  SINCE  The  solar  cell  generator  RESPONDS  UIFFERERTly 
FROM  THAI  UF  CUNvLNTIONAL  ELECTRICAL  ENERGY  SOURCES.  THE 
PERFORMANCE  \JF  A  SEPARATE  EXLlTATIUN.  A  SERIES  and  a  shunt  oc 
MOTOR  SUPPL I  CD  FRUM  A  SOLAR  CELL  GENERATOR  WAS  MATHEMATICALLY 
ANALYSED.  THl  TUROOL-CURRCNT  ANd  TuRGUE-SPEEd  CHAmAC 1ER I  ST  ICS 
WERL  PLOTTED  AS  A  FUNCTION  OF  IM.  IRRADIATION  LEVELS*  THE'  MOTOR 
sTARlb  AT  SON-  IRRADIATION  LEVEL  1 HAT  IS  OETeHMINLO  BY  THE 
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MtCHAMCAL  LOAD.  ANu  TMt  SPtEU  VARIES  ACCORDING  T  U  THE  LOAD 
CHAR AC  T  tR 1ST ICS  ANj  THE  VAR  I  AT  TON  OF  THE  SOLAR  IRRADIATION.  THE 
SU-AR  CELL  ARRAY  BAS  CHARACTERISED  BY  THE  MATHEMATICAL  MODEL 
| l-v  RELATION)  A NO  lib  NUMERICAL  PARAMETER  VALUES.  THE  SALIENT 

features  of  the  mut jr  operation  are:  id  the  operation  point 

VARIES  BITh  The  IRRADIATION  ANO  IS  DETERMINED  bY  THE  SOLAR  CELL 
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PRELIMINARY  ATTEMPTS  1U  MAKE  SOLAp  CELLS  MERc  NOT  SUCCESSFUL. 
tMULSITUNt  N-RbO  PHOSPHOROUS  0IFFUS10N  SOUWC  t  HAS  IOLNT  IF  ltD  TO 
bi.  SUIT  Ac  LE  PUR  SOLAR  CELL  FAbRICAIlON.  AND  A  DIFFUSION 
PROCEDURE  MAS  IDENTIFIED.  A  number  OF  COMMERCIALLY  AVAILAbLE 
FrITTLD  SILVER  Pastes  HAVE  Been  IDENTIFIED  AS  GIVING  PROMISING 
Results,  mltpuos  uf  paste  modification  By  additions  of  donor 

SUURCc  add 1 T lu Ns  AND  FRIT  CONTENT  ADJUSTMENTS  mEkE  found  TO  bE 
EFFECTIVE  IN  PNOVINu  the  performance  OF  SOME  COMMERCIAL  pastes. 
PR I NT  L  P  SILVER  GULDEN  PADS  OK  ALUMINUM  BACK  CONTACTS  MERE  FOUND 
TO  cc  SUuJECl  TO  COkhCSIVE  FAILUkE  IN  HUMIDITY  TeSTInG.  yin 

FAuS  aCRL  F  OUNU  TO  bt  free  op  this  deficiency,  a  module  design 
Comprised  of  an  array  of  ic  ey  *o  SOuare  cells  in  an  area 
approximately  k  felt  by  «  feci  mas  resolved,  projected  modull 

LPFlilENCY  Is  1F.SX.  • • L O  IRON**  SHEET  GLASS  FURNISHED  bY  ASG 
INDUSTRIES  Mas  StLtCTLD  FOR  THE  SUPERSTRATt  AS  bL 1 NG  THE  MOST 
COST  LFFeCTIve  Fuh  PRUJtLTtu  MODULE  COSTS  bhLOM  ll.OV  PER  MATT. 
DESCRIPTORS  Adhesive  si  auIumAT  IOMCuAT  1  NGS  SDIF  PUSIONIEFF  ICiENCV  tELECTR  I  c 

CUvTAcTSit  TCHlNGiPAbR  1C  A  T I  ON  IbLASS  ;  MANUFACTURING  I  (II  iMATERTALSi 
PRUkUcT IuNJReSEARCh  pROuRAMSiScMI CONDUCTOR  JUNCT IONS; SI L I  CON 

solar  cells:  t i ; solar  cell  arraysisurfacl  finishingisurface 

PRUPeRT ILSiSLWFACE  TREATMENTS 
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TITl-IMUmj)  final  Re  PUR  T  UN  ACLE  LLRA  TtD/AbBRi V  I AT  ED  TEST  METHODS  FOR 

PREDICT  INI  LIFE  UF  SOLAR  CELL  CNCAPSULANTS  TO  JET  PROPULSION 
LAbJRATLRV.  CALIFORNIA  INSTITUTE  OF  TECHNOLOGY  FOR  The 

encapsulation  task  of  thl  LOm-COST  SOLAR  array  project. 
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abstract  ACCLiErATeD  AND  ABBREVIATED  TE ST  METHODS  MERE  DEVELOPED  FOX 

PREDICTING  17c  OUIJOUR  LIFETIML  UP  SOLAR  CELL  CNL APSUL AN1 S . 
ENLAPbULAMS  Are  CLLAK  MATERIALS  appheo  as  covers  to  protect^ 
It  CLlLi  FROM  ENVIRONMENTAL  HAZARDS.  AN  IMPORTANT  PRINCIPLE  IS 
1 HA  T  ENCAPSULANTs  SHuOLU  BE  TESTED  IN  A  TOTAL  ARRAY  SVSTtM 
AllCMING  RtALl Si IL  INTERACTION  Up  COMPONENTS.  THEREFORE. 

M ICr JMODuit  Test  specimens  MERE  FABRICATED  m 1 Tn  A  VARIETY  of 
eNCRPlulANIS.  SUBSTRATES.  AND  TYPES  OF  CIRCUITRY.  INTERACTIONS, 
SUMc I  1  Me S  FAVDRAuLe.  McRt  OBSERVED  BETMEEN  THESE  COMPONENTS. 

UNc  CUMMwx  FAILURE  MuDL  MAS  LORRCiSION  OF  CIRCUITRY  AND  SOLAR 
CELL  ME  1  ALL  I  ZA  1 1UN  DUE  ID  MOISTURE  PENETRATION.  ANUThER  MAS 
dARkeNINl  ANk/vK  OPACIFICATION  uF  ENC APSUL AN 1.  HOMEVER  THL 
PDmEm  uul-ul  REMAlNEu  Hi LH  DESPIIl  DRASTIC  VISUAL  CnANGCS.  A 
ilsT  prugham  plan  mas  proposed,  it  includes  mult  I  CONDI  1 ion 
ALLCeERaILU  iXPUSURC.  MHlCH  MAS  DEMONSTMATED  TO  GIVE  SUCCESSFUL 
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PRED1C I  IONS  FOR  PROPERTY  CHANGES.  ANOTHER  METHOD  MAS 
HVPERACCtLkNATLD  PHOIOCHEM I CAL  EXPOSURE  USING  A  SOLAR 
CONCENTRATOR.  IT  SIMULATES  20  TEARS  UF  SUNLIGHT  EXPOSURE  IN  A 
Short  TIMl  PERIOD  OF  ONE  TO  TMO  WEEKS.  The  SlUOt  MAS  BENEFICIAL 
IN  iuentiftim.  some  cost-effective  encapsulants  and  arhav 

DESIGNS.  IT  MAS  SHOmN  THAT  SILICON  JUNCTIONS  ARE  REMARKABLY 
RESISTAN1  TO  MO! STURt  AND  CONTAMINANTS.  M I TH 
COMROSIOn-RESI stant  circuitry.  THE  ENCAPSULANT  could  be  a 
lom-cust  PLASTIC  »ilCH  protects  cells  from  oust,  abrasion.  AND 

MECHANICAL  SKJCK. 

DESCRIPTORS  Atv. As I ON ICUNLc NT n AT  I UN  MAT  ID I CONNECTORS! CONRuSIUN I COVE RINGS :  T£ 

CRACK  I NGSDEFlA)  MAT  ION i DUS IS i ELECTRICAL  PROPER! 1 E S i ELECTRON I C 
CIMCUI TSScNCAPSULAT lONSFAILUMESSFlELU  EFFECT  TRANS ISTORS ; GLASS ; 
I  IF*  ACT  SnOCKiLlGHT  TMANSM1 SS ION  IMA THE  MAT ICAL  MuDE LS ; MOl STORE ; 

nitrocellulose iuptical  phupert ies: performance  test ingsphtsical 
prupent ils ipoasi ics :  t j; poly acrylates ipoltst trene  s pol tore Thane s 
SERVICE  life:  OI .02 .UJISULAR  CELL  AMR  ATS I  SOLAR  CELLS:  Til SOL  AR 
flux; TEMPERA  TORE  EFFECTS  IT  ENSILE  PROPER! IE SI  TEST ING I  THERMAL 

ctcl ing ; Thermal  oegraoat ion: ultraviolet  radi ationimeatheh ing: 
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implementation  uf  solar  energy  technologies 
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A  MATERIALS  ASSESSMENT  methodology  fur  identifying  specific 
critical  material  reduirements  that  cuold  hinder  the 

IMPLEMENTAT )IX  OF  SOLAR  ENERGY  HAS  BEEN  DcVELUPcD  ano 
DEMURS  1 k A  I E  0 .  1HE  METHODOLOGY  INVOLVES  an  INITIAL  SCREENING 

process,  fullomed  by  a  more  detailed  materials  assessment,  the 
detailed  assessment  CONSIDERS  such  materials  concerns  and 
CONSTRAINTS  as:  PROCESS  M4U  PRODUCTION  constraints,  reserve  anl 
re  source  limitations,  lack  of  alternative  supply  sources, 
geupoliiical  problems,  environmental  do  energy  concerns,  time 

Constraints,  and  ECONOMIC  CUNSTMAINTS.  DATA  FOR  SS  BULK  AND  S3 

ram  materials  are  currently  available  on  the  DATA  base,  these 
materials  are  reuuiked  in  the  example  photovoltaic  systems,  one 
photovoltaic  svsilm  and  thirteen  photovoltaic  cells,  ten  solar 
heating  and  codling  systems,  and  t»o  agricultural  and 
IMvUSIRIAl  PROCESS  hc at  systems  have  been  characterised  to 
define  their  engineering  ano  bulk  material  reuuirements. 

ALUMINIUM(ANT|MUNViAVAlLABlLlTV:  u2 S C ALCUL AT  I DN  Me THUDS : 
COMPUTER  CODES JCUPPcR SGALL 1 UM5 MATER I ALS:  T2.0 I t MINERAL 
RESOURCtSiPRuOULT ION; RESOURCES:  G 2 ; SUL AR  CELL  ARRAY S i SOLAR 

Cells: solar  energy:  t i stechmulocy  assessment 
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effects  uf  EfC  AP5ULA1  IUN  ON  the  optical  AND  T HEmMAL  response  of 
SULAR  CELLS  UsLD  IN  CONCenTRATE'D-FLUX  SYSTEMS.  final  report 
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FUR  PHUTUYULTAIC  arrays  TO  BcCDME  a  practical  means  of 
SOLAR-ENERGY  ClXVLRSlOH  ON  A  LARGE  SCALE.  IT  MILL  BE  NECESSARY 
FIX  THE  ARRAYS  tu  OPERATE  WITH  SMALL  DEGRADATION  in  electrical 
OUTPUT  AND  WITH  A  MINIMUM  OF  REPAIR  AND  MAINTENANCE  FOR  20 
(EARS  IN  ORDER  10  RECOVER  THE  ENERGY  EXPENDED  IN  MANUFACTURING 
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AND  OtPLOVINl.  THt  ARRAYS.  10  ACCOMPLISH  THIS.  IT  A  ILL  BE 
NECESSARY  ID  PRUltCT  THE  SOLAm  CELLS  ANO  THE  ELECT* ICAL  LEADS 
tN  IrlESt  ARRAYS  FMUM  DELETERIOUS  ENVIRONMENTAL  EFFECTS.  ONE  WAY 
lu  REOuCt.  D 1 HEC1  LY  These  EFFECT  S  IS  TO  ENCAPSULATE  EACH  SOLAR 
cell  with  a  material  iuh  a  stack  of  materials)  which  allows  the 

INCIDENT  SOLAR  RADIATION  TO  REACH  THE  CELL.  BUT  WHICH  PROTECTS 

it  from  the  atmosphere,  encapsulat inc  the  cell,  however,  is 

ROUND  TO  AFFECT  THE  AMOUNT  OF  SOLAh  RADIATION  AbSOnBLD  WITHIN 
TrC  SEMlcONDUC TOR.  AND  THUS  THE  CELL  *  S  ELECTRICAL  OUTPUT.  THF 

encapsulation  is  likely,  as  well,  to  affect  the  thermal  balance 

OF  THE  SYSTEM.  AND  THUS  THE  STEADY -ST ATE  OPERATING  TEMPERATURE 

uf  the  cell.  These  effects  are  particularly  significant  in 
concentrator  systems,  where  a  relatively  large  flux  uf  solar 

cNEKuT  IS  FUCOSEO.  BY  LENSES  Oh  MIRRORS.  ONTO  A  RELATIVELY 
SMALL  NUMBER  of  cells.  These  cells  are  LIKELY  TU  BE  CONSTRUCTED 
USING  a  MORE  ADVANCED  TECHNOLOGY  THAN  THAT  USED  IN  FLAT-PLATE 

systems,  and  it  is  important  to  assess  quantitatively  the 
changes  that  encapsulation  will  produce  on  the  optical  and 

thermal  bL HA  VI ur s «  SUCH  AN  ASSESSMENT  IS  PRESENTED.  THE 
TlChNIuulS  Klh  MAKlNu  SUCH  AN  ASSESSMENT  ARE  DESCRIBED.  AND  ARE 
AFPlIEu  lU  A  SPECIFIC  SVElEM  WITH  SLVEKAL  CANDIDATE 
cNLAPsULAMs.  The  SYSTEM  CHOaEN  FUR  REPRESENTATIVE  CALCULATIONS 
IS  OF  T Hi  SAND  I A  TYPE.  INVOLVING  MuLOEO  PLASTIC  FRESNEL-LENS 
CONC:NTkaiuRs.  LUw-RLSISTI VITV  NASUP  ♦*  -  P  SILICON  CELLS. 

SlSSUb  aWNWSD-)  AW  an  t  IkL  FLEC  T1  ON  COAIINGS.  and  aluminum 
bAScPLAltS  P Nu VI O  IN  g  A  COMMON  HEAT  SINK  FOR  EACH  27-CELL  ARRAY 
OESCRiPIlMS  ANTlTLFLttTlJS  CUA I  I NGS i C ALCUL AT  ION  ME THODSi CONCENTR AT  ION  RATI 

CUN  VS  cl IJNJCiRKdNI  DcNal TV ;0 I MENS  1 ONS IELE C TR 1C AL  PROPERTIES; 
ENCAPSULATION:  UliF IlMSJFRESNEL  LENSiMATHEMAT ICAL  MODELS; 

OPTICAL  PkUP  cRTILSIReFLeCT  ivity;service  LIFEISILIlON  SOLAR 
Cells;  solar  l*. ll  arrays;  solar  cells:  ti;  solar  concentrators; 
STRAINS; TiMPtRAIURi  EFF fc CT S ; 1 mERMAL  ANAL YS IS i THERMAL  DEGRADATION 
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SYSTEM  AT  THl  EMIyErsITY  OF  NEBRASKA  IS  A  UNlGUE  ELECTRICAL 
power  SYSTEM.  SPECIAL  SAFETY  ROLLS  ANO  REGULATIONS  ARE  NEEDED 

TO  GOVERN  11s  operation,  field  inspection  ANO  maintenance 

OPERATIONS  A LOU I  re  THE  HANDLING  OF  ELECTRICALLY  ACTIVE  ELEMENTS 
OUH1NG  OAVLltXl  HOURS.  TFT:  MtlHOuS  ANU  TECHNIQUES  NECESSARY  TO 

perform  thEsl  operations  in  a  safe  manner  and  tu  make  full 
personnel  more  safety  conscious  as  well  arc  enumerated, 
descriptors  LLEANINgICuNN.  lIURSIUEMONSTRaT lUN  PLANTS. ELECTRONIC  circuits; 

inspect ion;mai NTtNANct ;neoraska;upekatiun;photovultaic  power 
plants;  ii;pu*er  range  io-iog  rw; safety:  ui;tlst  facilitus 
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Primary  la  1  EGL-I  «USO  I 

absTrali  a  rlvIew  of  photovoltaic  conversion  technology  and  factors 

WHICH  APFtcl  I  IS  PROSPtClIVb  EluNop.1l  UTILIZATION  is  PRESENTED 
fur  an  LNg IN  ce  r/ SL I cN  T I S 1  READeR.  BASIC  PRINCIPLES  UF  SOLAR 
CELL  OPERA!  UX,  SOlAa  CeLL  ARRAYS  AND  CONCENTRATORS  ARE 
DISLUSSEu.  T LLFHOLJGILAL  APPROACHES  TO  SOLAm  CELL  MATERIALS  ANO 

fabrication  that  have  established  efficiencies  are  reviewed. 

NEW  RESEARCH  directions,  including  ThIN-FIlm,  and  liquid/solid 
CELLS  Arc  OVEhVIIwCU.  THE  PRUSPEC1S  AND  POTENTIAL  OF  THESE  NEW 
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APPROACHES.  As  WtLL  AS  1  HE  PkOsPcCTS  POP  PHOTOVOLTAIC 

CUN  Vc  R  S  1  UN  IN  G£NtRAL  ARE  UlSCUbbED.  II  IS  CONCLOOEO  THAT  SOLAN 

CELLS  COULD  POSSlbLY  PROVIDE  AbOUT  30  PERCENT  OF  PREOICTEO 

total  electrical  powlr  weouirements.  a  list  of  20  references  is 

APPtNuEU.  (RMEI 
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LIGUlDSIMATEKl alsjopewat 10M  PHOTUELEC  TROL  V  T  1 C  CELLS; 
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report  no  Out /NASA/ 102. -—76/33 

Absl r ACT  ONE  PH A Sl  Or  T HE  DEPARTMENT  OF  ENERGY  IOOE >  SOLAR  CELL 

photovoltaic  program  is  to  develop  low-cost  solar  cell  arrays 
«1Th  A  id-YcW  lifetime,  in  order  to  help  determine  lifetimes 

□  F  THE  FIRST  GENERATION  I  bLOCK  i>  COMMERCIAL  CEJL  AR  CELL  MODULES 
USED  IN  ImESE  AriK  AY  S.  A  PROGRAM  IAS  INITIATED  BY  DOE/NASA-LEWI S 
RLsEAkLH  CENIlk  TO  e  APE'S  L  THESE  MODULES  TO  A  RANGE  OF 
ENVIRONMENTS.  ACCORDINGLY.  bLOCK  1  MODULES  FROM  FOUR 

manufacturer^  we  re  Installed  at  commercial  tesi ing  sites  in 
Florida.  PULKIu  KICu.  and  ARIZONA  and  AT  NONCOMMERCIAL  SITES  In 
Cleveland,  onl o.  the  effect  of  outdoor  exposure  on  the 
performance  uf  the  modules  was  determined  using  current -volt age 

UF  VeS  •  SHOR  1-LlRLOn  CURRENT  ll/SOb  SC/ 1  AND  MAXIMUM  POWER 
IP/SOE  M.AX/J  w  lRe  The  PAkAMcTERS  MONITORED.  IN  OkdER  TO 

Di itRMiNL  the  effect  of  dirt  on  performance,  some  modules  were 

■FSHtu  PERIODICALLY  ANu  ThE I R  PARAMETERS  WERE  RECORDED  taOTH 
bEF  ORE  ANO  AFTER  washing.  IN  ALL  CASES.  THERE  WAS  A  LOSS  OF 

plrf'ormance  lf*  the  modules  with  odtooor  exposure,  the  loss  was 
dlpenolnt  not  only  on  t Mt  exposure  site  dot  also  on  the  module 
clmsikuci ion.  threl  types  of  modules  are  coverlo  with  silicone 

POT  T  AN  I S  AND  ONE  1YPL  HAS.  IN  ADDITION.  A  GLASS  COVER.  THIS 

latter  type  uf  module  had  a  loss  in  p/suc  max/  only  one-ooartfr 
TO  ONE-SIXTH  THAT  of  The  other  modules  in  a  comparable  period 
OF  TIMt.  FOR  ALL  MODULES.  SOME  OF  THE  PERFORMANCE  LOSS  COULD  BE 
RECOVERED  bV  WASHING.  EXCEPT  FOR  GLASS-COVERED  MODULES.  WHERE 
TFE  LOSS  IN  p/sut  Max/  COULD  bt  COMPLETELY  RECOVERED  EACH  TIME. 
EACH  SUCCEEDING  WASHING  RECOVERED  LESS.  THUS.  ThL 
S  IL  I  CONE— CUV Lrl  to  MODULES  showed  a  permanent  loss  in 
performance,  many  modules  showed  edge  DELAMINATIONS  and/or 
OELAM1NA1 IONS  INDER  CELLS  ANu  INTERCONNECTS.  THESE  DIO  NOT  SEEP 
TO  SERIOUSLY  AFFECT  POWER  OUTPUT.  RESULTS  FROM  THESE  EXPOSURE 
TtsTS  INLICAIe  That  OtL AMI NAT  1 Oh  AND  DIRT  RETENTION  ARE  LIKELY 
I ROUBLE  SPOTS  IN  SULAK  CELL  MODULES. 
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in  ns  rule  lF  suppowiinc  the  uot  national  photovoltaic 
PkUghAM.  The  NASA-CEpC  IS  DESIGNING  and  fabricating  a 
stand-alone  photovoltaic  power  system  fop  installation  in  the 

PAPAGU  INDIAN  VILLAGE  OF  SCHOCHUL 1 ,  LOCATED  APPROXIMATELY  120 
miles  west  of  Tucson,  az  .  this  village  presently  has  no 
ECECIkICAL  POWER.  ThE  PhdTOVULIAJC  SYSTEM  IS  BEING  DESIGNED  TO 
PROVIDE  ELCCIRICITV  rOR  VILLAGE  WATER  PUMPING  AND  BASIC 
DUMcSlIC  NEEDS  AS  PART  OF  A  COST-SHAMED  EXPERIMENT  INVOLVING 
LEMc.  1ml  o.s.  PUBLIC  health  service  and  the  papago  tribe  of 

ARIZONA.  THE  S  YS T LM  w  ILL  CUNS1ST  OF  A  3.S  KW  (PEAK) 

pfaj tuvuctaic  array;  controls.  Instrumentation,  and  storage 

BATTcnlCS  LOCATED  IN  AN  ELECTRICAL  EUU1PMENT  BUILDING;  AND  A 

120  VOLT  DC  VILLAGE  distribution  network.,  the  photovoltaic 
SVSTeM  WILL  FO  we*.  A  e  HP  DC  ELECTRIC  MOTOR  (REPLACING  AN 

existing  diesel  lnginE)  fop  water  pumping;  is  refrigeration 

UNITS.  A  WASHING  MACH  INC  AND  A  SEWING  MACHINE  IN  A  DOMESTIC 

services  building;  and  fluorescent  lights  in  the  feast  house, 

CroPCH  AND  each  OF  1 hE  IS  HOMES  IN  The  VILLAGE. 

a ppl 1  an ccs ; ah! zona ; clothes  washers ;Cummcpi  1  ties;  miidesign:  02; 
dirlCt  cuphent ieleciric  eattlries;lighting  systems ;overheac 
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IN  ITS  ROLE  Lr  SUPPORTING  THE  Out  PHOTOVOLTAIC  PROGRAM,  ThL 

nasa— lew  is  rlsearch  center  has  designed,  fabricated  and 
installed  IS  gLD graphically  oepersed  photovoltaic  systems. 
ifw.se  system;  are  Powering  a  refrigerator,  highway  warning 
SIGN,  FChESI  LUO ADD T  TOWERS,  RtMulL  WEATHER  STATIONS,  A  WATER 
CHILLER  AT  A  VISITOR  CENTER,  AND  INSECT  SURVEY  TRAPS,  EACH  OF 
THESE  SYSTEMS  IS  DESCRIBED  IN  IErMS  OF  LOAD  REgUI rEMe NTS ,  SOLAR 
ARRAY  AND  BATTLMY  SIZE.  ANO  INSTRUMENTATION  ANO  CONTROLS. 
OPERATIONAL  CXPCRIcNct  IS  DESCRIBE  0  AND  PRESENI  STATUS  IS  GIVEN 
F US  EACH  system.  Thc  P/V  POWER  systems  HAVE  PHOVEN  TO  BE  HIGHLY 
RELIABLE  wITF.  ALMOST  NO  PROBLEMS  WITH  MODULES  ANo  VERY  FEW 
PROBLEMS  OVERALL. 

Ocmonsirat iun  programs:  gi;lighting  systemsioperat ion; 
performance ;fu  we  a  soppl 1 ts ;refr ige ra t ors ;remqt e  areas;roads; 
solar  cell  arrays:  iiiuses:  bi 
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10  Hit.  1  I HC  COALS  OF  I  nt  LSSA  PRUoRAM,  SOLAR  CELL  LNCAPSUL  ANTS 
MUST  PROVIDE  P WO T  tc  T I  ON  FOR  CO  YEARS.  CON StOUt  N  TL  V •  THE 
ObJtCT  t  <ti.  OF  THE  PRESENT  PROGRAM  IS  TO  DEVELOP  METHODOLOGY  FOR 
MAIL  INC  LUNFIuENT  PREDICTIONS  UF  ENCAPSULAN1  PERFORMANCE  AT  ANY 
EXPOSURE  slTc  in  THt  O.&.A.  OUR  INC  THE  FIRST  YEAR  OF  THE 

phouRam.  inhlwent  meat  he w ad i l i t  y  was  studied,  inherent 

WcAlntRAulL 1  tv  IS  CONI  ROLLED  bV  THt  THREE  WEATHER  FACTORS 
CIMFJN  Til  ALL  EXPOSURE  SITtS:  INSULATION.  TEMPERATURE.  AND 

HUM 1 u I 1 Y •  EMPHASIS  WAS  focused  on  the  transparent  encapsucant 

PORI  ION  OF  MINIATURE  SOLAR  CELL  ARRAYS  BV  ELIMINATING 
•la ThLh INC  EFFtCTs  LN  Tnt  SUbsTMATt  AND  CIRCUITRY  (WHICH  ARE 
ALSO  PARIS  OF  THE  ENCAPSUCANT  SYSTEM).  THt  MUST  tXTENSIVt  DATA 
WERE  FOR  YtLLUWlNC.  WHICH  WAS  MEASURED  CONVltNTLY  AND 
PRECISELY.  COvSlOLRAHLt  DATA  ALSO  WERE  OBTAINED  ON  TENSILE 
SIRENcTn.  chances  in  THt.SE  TwU  PROPERTIES  AFTtR  OUTDOOR 
EXPuSUKs  WERL  PREDICTED  VErV  WELL  FROM  ACCELERATED  tXPOSUKt 
U«U.  AHHUDl*.  more  OUTDOOR  EXPOSUhE  DATA  WILL  nE  RECEIVED. 
MATHEMATICAL  mLOClINu  STUDIES  ARE  CONTINUING,  this  first  part 
OF  THE  Program  CAN  EE  SAID  TO  ct  SUCCESSFULLY  CONCLUDED.  IN 
CUNT 1NUAT ION  OF  THt  INHERENT  Wt AT HERAb IL 1 T Y  STUDY .  THE  POWER 
0U1PU1  Or  SOuAr  CELLS  WAS  MUMTOKLD  UNDER  ACCELERATED  TtSI 
CWDlTluNS  AND  IS  BLINc  FOLLOWED  FUR  OUTDOOR  EXPOSURES.  FOR 
THIS  PURrOSL.  UNIvCaSAo  Tt  ST  SPECIMENS  (UTS'S)  WITH  NINE 
OIFFERtNl  SUi.-sTrATe/TrANSPaRcNT  ENCAPSULAN!  COMblNATIONS  WERE 
PREPARED.  Again.  IhE  ODJECTlvu  Is  TO  PREDICT  DUTuUUR 
PERFORMANCE  HUN  ACCELERATED  EXPOSURE  DATA  WITH  PHOTOCHEMICAL 
STkesSEs  uF  At) OUT  o  TIMES  NORMAL.  CONTINUOUS  ACCELERATED 
EXPjsURr.  under  o  KEY  CuMcINAlIUNS  Ur  ULTRAVIOLET  ( UV  >  LIGHT 
IMtNSIlr.  TLMPERATuRt.  AND  HUM  |  u  I  T  V  WAS  CONllNUtJ  FOR  2 
MONTHS.  IntN  THE  i«*t  UTS'S  WERE  tXPuSED  TO  ICON  RLLATIVL 
HUM!  si  TV  AT  10 V* SUP  <J»C  FUR  ONE  MONTH.  OEGRAOAT  JUN  EFFECTS  ARE 
discussse  ane  IllusTrateu. 

LlPiNccUiRSiClPpCAiCUVtR  I  NcsiuAlAi  ELECTRICAL  PROPtR  t  its  I 
t  LL  Cl  RuM  C  L1RLU  I  TsitNCAPSuLAl  ion:  Ul  •  02  S  GLASS  SHUN  1 D 1  TV  | 

I NSUlATIuN! MATHEMATICAL  H)Ob LS I DPI I CAL  PROPER! Its {PERFORMANCE 

testing:  wi . s2 jplast *cs:  T3:service  lifeisolar  cell  arrays:  T2 

SDLAk  Ctucs:  ( l 1 TtMPcRATuRL  EF F EC 1 S I 1 tNS 1 Lt  PROPER! 1ES* THERMAL 
DEGRADA 1 luN  iu.  Tw Av I DLET  MADIA! ion: WEATHERING:  ul.w2.u3 
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ME AS UK  E MEN 1  TECHNIOUES  A NO  INSTRUMENTS  SUlTAbLC  HOW 
L|Et —PREDICT 10 N  TLST1NG  UH  PHOTOVOLTAIC  ARRAYS.  INTERIM  REPORT 
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ThE  VALIdATIUm  OF  A  SERVICE  LIFE  OF  20  YEARS  FOR  LOR-COST 
PrajT JVuLIAIC  ARRAYS  MOST  BE  ACCOMPLISHED  THROUGH  ACCELERATED 
LIFE— UhEoICI ION  TESTS.  A  ME ThddOLUgY  FOR  SUCH  TESTS  HAS  BEEN 
DSvELUPEU  IN  A  PRECEDING  STUDY.  THE  RESULTS  DISCUSSED  CONSIST 
OF  The  IN11IAL  IUEN1 IF 1CA1 ION  AND  ASSESSMENT  OF  ALL  KNORN 
MEASUREMENT  TLCHNIOUES  AHL>  INSTRUMENTS  THAT  MIGHT  BE  USED  IN 
TfCSE  L  IrE -PREDl CT ION  TESTS.  ARRAY  FAILURE  MODES.  RELEVANT 
MATERIALS  PHlPErTY  CHANGES.  AND  PRIMARY  DEGRADATION  MECHANISMS 
ARE  JlbLuSStC  AS  A  PrlREuU 1 S I TE  TU  IDENTIFYING  SUITABLE 

measurement  TeCmniuues  mo  instruments,  candidate  technioues 

AND  INSTRUMENTS  ARC  IUENTIF1ED  ON  THt  BASIS  OF  EXTENSIVE 
REVlsaS  OF  PuliLlSHrU  and  UNPOBLISHEO  INFORMATION.  THESE  METHODS 
AhE  UKGAMilu  IN  SIX  MEASUREMENT  L  AT  EGOh  IE  S-- CHEM  I C  AL  . 

electrical,  optical.  Thermal,  mechanical,  and  ••other 

PHYSIlals* • .  USING  SPECIFIED  EVALUATION  CRITERIA.  The  MOST 
PROMISING  TECHNloUts  AND  INSIRUMENTS  FOR  USE  IN  L I FE-PRED I CT ION 
TeSls  UF  arrays  ARE  Then  SELECTED.  These  RECOMMENDED  TECHNIOUES 
ANu  TheIR  CMA-iACl-R  1ST  ICS  AR_  UESCRIuED.  RECOMMENDATIONS  ARt 
MArl  REGARDING  lSTASLISHMENT  OF  THE  AUEDUACY.  PARTICULARLY  WITH 

resp-lt  To  precision,  uf  The  mure  fully  developed  technioues 

fur  this  APPLICATION.  AND  REGARDING  THE  EXPERIMENTAL  EVALUATION 

of  rromInInl  developmental  tlchniouls.  measurement  needs  not 

SAT  I Gf  I Lo  BY  PRESENTLY  AVAILABLE  T  ECHN I DUE b/ INSTRUMENT  S  ARt 

also  identified. 

CMfcMlLAL  ProPEhT ItSiCDMPARATlVE  E V ALU AT I ONSS CONNE C TOR S S 
CuvcR INCe*  T*;da1a  aNAlV SI SS tLtCT R 1C  CONTACTSJElECTR ICAL 
PRuPErT  It- Si  ENCAPSULATION  ;F  A  l  LDrESJ  FORECAST  ING l GLASS 1HUM 1 OI T Y  i 

mcla>uh1nu  i netrument s :me asuring  Mt thodsjme chan ical  properties; 

MoIsTurE iUPT ICAL  PRUPt R T  IE S i PE RFOWMANCE  TESTING:  ul .02  « PHY  S 1 C A  L 
pr^PErT I YMCKS iReCOMMENDAT lDNSiSEALS; SERV ICE  LIFE:  01.021 

sular  ceel  a»*iavs:  ti;speltral  responseispectroscupyjthermal 

CUNuUv.  TIVITViT  HE  RMa  L  DEGHADA1  ion;  THERMODYNAMIC  PROPERTIES! 
ULTRAVIOLET  rADI ATIUNJWE ATHtKINGiWINO 
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conceptual  lli  iuns  were  made  an./  analyses  were  performed  on 

Tracts  TYKS  lm  SUL  A  a  PhuTOvDeTAU  POwER  S  Y  ST  EMs .  INCLUDED  were 
MEslJ.NTiAL  11  Tl  It,  xa)  ■  I  NT  £  rmeu  I  a  I  e  lu.l  TO  10  Mai).  AND 
CENTrAe  1st  1u  lOu.  M«)  PL) ach  SYSIEMS  TU  BE  INSTALLED  IN  THE 
I Vet  TO  .GUU  T  iMt  PERIDg.  SUBSYSTEM.  T cCHNOLOuY  PRESENTED  HER t 
INCLOuLS:  INSOLATIUNt  LUNC L NTk A T 1  UN .  SILICON  SOLAR  CcLL 
MUUULLS.  COS  SOLAR  CELL  MODULE •  ARRAY  STRUCTURE.  BATTERY  ENERGY 
eTurAue.  PUOLt  C0NO 1  I  I0N1NG.  RESIDENTIAL  POWER  SYSTEM 
AKCHI1  LC  IuKAl  DESIGNS.  IMtRMtDIATE  POarER  SYSTEM  STRUCTURAL 
DtSloN.  And  ee  NT  ral  PU»eK  SYSTEM  FACILITIES  AM,  SITE  SURVEY. 
arlhiieltuRE  ;c aumio».  sulfide  sular  cells:  t*;dlsign:  ot; 
electric  eatteRIee:  isitNeRur  storage  systems; insolat ion; 

1 NVc r T t« ;phgT dVUL f A ic  pgweR  PlmNTS*  T I  •  Ob  ;PU«r.  r  CONDITIONING 
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with  considerations  uf  t Ft  rate  to  be  charged  by  the  utility 
fur  this  lnerGy  in  an  cffurt  To  define  the  pertinent  issues  of 

Tnls  Ut  IcITV/kEsIDcNlE  INTERFACE.  IN  THE  THIRD  TASK.  THE 
CUNF IgURaT lUN  UF  A  FIXED  LINEAR  FRESNEL  LENS  PROVIDED  WlTn  A 
T  RAC  A  1 NG  AUSIXndR  WAS  ANALYZED  OPTICALLY.  THE  FOURTH  TASK 
EXPLORED  UTILITY  LOSS-GJF -LOAD  PROBABILITY  methodology. 
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ABSTRACT  A  UlSCUSSIUN  IS  PReSeNTcU  OF  The  most  SIGNIFICANT  PROBLEMS 

ASSOC IAT.O  WITH  Thl  PRODUCT  IDS  ANU  UePLOYMENT  OF  PHOTOVOLTAIC 
ARRAYS.  1 HE  PRINCIPAL  CHEMICAL  COMPOUNDS  TO  BE  USED  IN  THE 
MANUFACTURE  OF  SILICON.  GALLIUM  ARSENIDE.  ANU  L ADM 1 uM  SULFIDE 
PFUTQVOCTaIC  ARRAYS  ARE  DISCUSSED  WITH  RESPcCT  To  PHYSICAL  AND 
Cf£ M 1 C A L  PROF-rTIcS.  SOURCES  OF  THE  RAW  MATERIALS  REoUlRED  TO 
EXTRACT  OR  SVnThEsIZe  TmESL  MATERIALS.  THE  METHODS  OF 

manufacture,  storage  and  handling  in  large  ouaniities. 
TRANsPJrIAI ILN  RESTRICTIONS,  spills,  leans,  ignition  and 
Explosion,  a  disCussiun  uf  safety  hazards  associated  with  the 
finished  pruducts  is  followed  by  an  analysis  of  the 
TOXICOLOGICAL  properties  of  ALL  RA».  REFINED.  A NO  FINISHED 
CHEMICAL  SPECIES  INVL'LVEL.  THE  PRINCIPAL  TOOL  USE  D  IN  THE 

Evacuation  uf  incentive  strategies  »as  a  new  public  utility 
financial  analysis  anu  planning  muuEl  which  is  uescribeu  in 
SLUE  Ue  TaIl.  after  ADAPTAT  loN  TU  MATCH  THE  CHARACTERISTICS  of 
PfuTuVDlIrIC  plants,  it  was  USED  in  The  COMPARATIVE  EVALUATION 
Of  SIX  DIFFLReNT  Incentive  STRATEGIES.  THt  CANDIDATE 
STRATEGIES.  THL  RATIONALE  FOR  TfieIA  SELECTION.  ANU  THE  RESULTS 
UF  THL  COMPARATIVE  EVALUATION  ARE  PRC  SENT  ED.  AN  ACCOUNT  IS 

gIvln  uf  an  at  iempt  tu  assess  the  full  non-internalized  costs 
OF  LUac-fIRED  PUWLR  generation,  a  DETAILED  description  is  GIVEN 
of  thl  variuub  damage  elements  and  their  associated  societal 
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CHJSSN  FOR  TFC  RESTERN  STYLE  HOUSE.  CLEVELAND  ANO  RASHINGTON, 
O.L.  »E k.  CHOSEN  FUR  THE  EAS1ERN  STYLE  HOUSE.  THESE  HOUSES  ARE 
DESCRIBED  ANu  THE  SPACE-CONOIT iUNlNG  METHOD  DEFINED.  VARIOUS 
METHODS  OF  ESTABLISHING  SPACE  CONDITIONING  LOAD  RE  DU  I RE ME NTS 
SeRLDE VISED  aSSeJaLUAI ED  IN  The  EFFORT  TO  DETERMINE  THERMAL 
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this  report  pheslnts  thl  results  ok  an  eatensivl  study  of 
SUPPORT  SIRUCTURES  and  foundations  for  photovoltaic  solar 

ARRAYS  arranged  In  A  CENTRAL  POWER  PLANT  CONFIGURATION.  THE 
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A  ho  MAORI IUUL  UF  THESE  I  NT t R kEo I ON Ac  DIFFERENCES.  THE  MAIN 
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DECnTLL  NATIONAL.  INC.  HAS  C0NOUCTED  A  STUDY  OF  ALTERNATE 

module,  panel,  and  array  designs  for  use  in  large  scale 

APPLICATIONS  SUCH  AS  CENTRAL  STATION  PMUT0VUL1A1C  POWER  PLANTS. 
THE  ObJECllVE  OK  THE  STUDY  Is  TO  IDENTIFY  DESIGN  FEATURES  THAT 
WILL  lead  TO  MINIMUM  PLANT  costs,  several  aspects  of  MODULE 
design  arl  evaluate-,  inlluuinu  glass  superstate  and  metal 
SUBsTrATE  module  conk IguhAT luNS.  the  POTENTIAL  FOR  HAIL  DAMAGE. 
LIGHT  AbsURPIION  IN  GlASS  SURE RSTRATlS.  THE  ECONOMICS  OF  GLASS 
SELECTION.  AND  cLECIRILAL  DlSIGN.  ALSO.  THREE  ALTERNATE  GLASS 
SgP'ERsTRATL  HIDULfc  CuNK | uURAT IONS  ARE  EVALUATED  BY  MEANS  OK 
F  INI  T  E  tUMtM  COMPUTER  ANALYSES.  Two  PANEL  SIZES.  1.2  BY  £,.*  M 
I A  EY  fc  fT)  and  i.H  BY  A  .6  M  (b  bY  lo  FT).  ARE  USeD  TO  SUPPORT 
Itwtc  MCluuLt  SIZlS.  G.G  DV  1.2  M  12  BY  A  FT).  1.2  bY  1.2  M  (a 
«V  A  FI),  AND  1.1  BY  i.A  M  (a  bY  6  FI).  FOR  DESIGN  LOADINGS  OF 
♦  -  1.7  NPA  (S3  P  SF I  .  A-  2. A  MPA  ISO  PSF I ,  AND  ♦-  3.6  KPA  ( 7S 
PSK).  ULEIGNS  AND  C0S1  ESTIMATES  ARE  PRESENTED  FOR  TWENTY  PANEL 
types  AN.I  n1n=  ARRAY  CONFIGURATIONS  aT  EACH  OK  The  three  DESIGN 

loadings,  structural  cost  sensitivities  of  combined  array 
CUNF I oURaT IONS  and  panel  cases  are  presented. 
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encapsulation; glass ( ha 11 ( i n ve r ter s (le akage  Current ;opt ical 
pruplrt it s ;plr kormanlc (phut Ovolt a i c  power  plants:  ti spotting 
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tensile  properties 
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plant  Elements  evaluated  incluued  designs  for  module,  panel  and 

ARRAY  STmUCTlHES.  AS  WELL  AS  BALANCE -OF -PL AN T  SYSTEMS. 

I  NS 1  ALL  A  1 1 UN  AND  MAINTENANCE  PROCEDURES  AND  THE  IMPACT  OF  SITE 
ENVlRUNMlM  WERE  ALSO  EVALUA1E0.  IN  TERMS  OF  THE  COST  OF  ENERGY 
PRODUCED.  Thl  HOkIZuNIAL  ARRAY  CONFluURAT  ION  WAS  FOUND  TO  ji. 
LESS  EXPtNSlve  THAN  THE  TANDEM  ARRAY  AT  LATITUDES  LESS  THAN  AO 

deg.  buTh  uf  these  cgnfiguratiuns  are  less  expensive  than  the 

HACK  DESIGN.  HOWEVER.  Tnl  CuSTS  UF  ENERGY  FOR  ALL  THREE 
CONFIGURATIONS  are  SIThIN  APPROXIMATELY  10  P1RLLNT  OF  EACH 

UlHEH.  FUR  flat  plate  panels,  the  seasonally  adjusted  and 

T  RACK  1 Nu  ARRAY  CONF I  DURATIONS  ARe  NOT  ECONOMICALLY  ATTRACTIVE 
WHEN  COMPARED  TU  The  THREE  OTHER  DESIGNS.  BALANCE -OF -PL  AM 
CUSTS  ARL  APPROXIMATELY  EdUAL  TO  (GOAL!  MODULE  COSTS.  THE  ERRAV 
STRUCTURES  am)  FOUNDATIONS  Are  The  MUST  EXPENSIVE  ITEMS  IN  THE 

bal anle  —viF— plant  costs. 
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maintenance (faiutuvult aic  power  plants:  T2:solar  cell  arrays:  11 
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Availability  of  information  characterizing  parameters  of  wind  turbine 
energy  conversion  systems  is  summarized  in  Table  54.  Data  used  in  the 
analysis  of  parameters  for  which  information  is  available  are  presented  in 
Table  55. 

Applying  appropriate  data  analysis  techniques  resulted  in  the  following 
functions  for  these  parameters. 

Efficiency  of  Horizontal  Axis  Wind  Turbine  Energy  Conversion  Systems  (WTHEF) 
WTHEF  (%)  -  10.526  x(0*l*860)  (31) 

Standard  Deviation  *  25.46 
x  »  kW 

Equation  31  and  corresponding  data  are  shown  in  Figure  28. 

Efficiency  of  Vertical  Axis  Wind  Turbine  Energy  Conversion  Systems  (WTVEF) 
WTVEF  (*)  -  12.921/log10  (x  +  1)  (32) 

Standard  Deviation  »  0.427 
x  «*  kW 

Equation  32  and  corresponding  data  are  shown  in  Figure  29. 

Efficiency  of  Vertical  Axis  Glromill  Wind  Turbine  Energy  Conversion  Systems 
(WTVGE) 

WTVGE  (%)  -  7.880  +  7.728  (log10  x)  (33) 

Standard  Deviation  «  5.967 

I 

x  ■  kW 


WTVGE  data  are  limited,  and  there  is  considerable  scatter  of  data  values 
Equation  33  and  corresponding  data  are  shown  in  Figure  30. 


Table  54.  AVAILABILITY  OF  INFORMATION  CHARACTERIZING  PARAMETERS  OF 
WIND  TURBINE  ENERGY  CONVERSION  SYSTEMS 


Parameter 

Horizontal  Axis 

Wind  Turbine 

Vertical  Axis 
Wind  Turbine 

Data  Availability 

Data  Availability 

Efficiency 

Yes 

Yes 

Acquisition  Cost 

Yes 

No 

Operation  and 
Maintenance  Cost 

No 

No 

Life  Cycle  Cost 

No 

No 

Weight 

Yes 

No 

Volume 

No 

No 

Size 

Yes 

No 

StartHUp/Shutdown  Time 

No 

No 

Lifetime 

No 

No 

2000.0  0.43  200.0  1039  160 

2300.0  0.47  300.0  1350.8  230 
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FRACTIONAL  EFFICIENCY 


X  -  LOG  (SIZE),  KW 


Figure  30.  EFFICIENCY  OF  VERTICAL  AXIS  GIROMILL  WIND 
TURBINE  ENERGY  CONVERSION  SYSTEMS 


Acquisition  Cost  of  Horizontal  Axis  Wind  Turbine  Energy  Conversion  Systems 
(WTHAQ) 


WTHAQ  ($/kW)  =  1481.92390/log10  (x  +  1)  (34) 

Standard  Deviation  =  50.44 
x  ■  kW 

Data  at  sizes  of  2000  and  2500  kW  are  anomalous.  Values  are  too  costly 
because  they  are  experimental  wind  turbines  developed  by  NASA  and  DOE  rather 
than  commercial  wind  turbines  such  as  the  systems  under  25  kW  in  size. 

Dropping  the  two  anomalous  points  results  in  Equation  35. 

WTHAQ  ($/kW)  -  4602.335353  x"0. 579435217  (35) 

Equation  35  is  the  preferred  function  for  WTHAQ.  However,  large  wind 
turbines  over  25  kW  in  capacity  are  not  currently  commercially  available.  At 
a  result,  wind  turbine  acquisition  costs  above  25  kW  as  predicted  by  Equation 
35  must  be  used  with  caution  in  design.  For  comparing  energy  conversion 
systems,  an  acquisition  cost  of  $430/kW  is  suggested  for  wind  turbines  larger 
than  60  kW. 

Weight  of  Horizontal  Axis  Wind  Turbine  Energy  Conversion  Systms  (WTHWT) 

WTHWT  (lb/kW)  -  479.6896/log10  (x  +  1)  (36) 

Standard  Deviation  «  158.3 
x  -  kW 

Above  750  kW,  negative  standard  deviation  values  lead  to  meaningless 
negative  values  for  WTHWT.  Above  750  kW  use  positive  standard  deviation 
values.  Equation  36  and  corresponding  data  are  shown  in  Figure  31. 

Size  of  Horizontal  Axis  Wind  Turbine  Energy  Conversion  Systems  (WTHS) 

WTHS  (Rotor  Diameter,  ft)  -  9.35716  X°*4A024  (37) 

Standard  Deviation  ■  0.2853 

x  ■  kW 

Equation  37  and  corresponding  data  are  shown  in  Figure  32.  Values  of  the 
wind  turbine  energy  conversion  system  parameters  for  selected  system  sizes 
(kW)  as  predicted  from  Equations  31  through  37  are  presented  in  Table  56. 
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Figure  32.  SIZE  OF  HORIZONTAL  AXIS  WIND  TURBINE 
ENERGY  CONVERSION  SYSTEMS 


nstralnts,  reliability,  and  environmental 
,  58,  59,  and  60,  respectively. 


Table  57.  WIND  TURBINE  ENERGY  CONVERSION  SYSTEM 
LOCATION  CONSTRAINTS 


_ Constraint 

1 .  Water  Requirements 

2.  Manning  Requirements 

3.  Fuel  Availability 
and  Delivery 

4 .  Fuel  Storage 

5 .  Other 

Overall  Assessment :  The 
constraints. 

Table  58. 

_ Constraint _ 

1 .  Part-Load  Capability 

2.  Overload  Capability 

3.  Load  Following 
Capacity 


Effects  Remarks 


0  Dionlzed/distllled  water  required 

for  battery  maintenance 

0  Can  operate  unattended.  Requires 

nominal  inspection  and 
maintenance . 


6  Fuel  not  required  unless  back-up 

system  is  used. 

0  Only  as  required  by  back-up  system 

•  Wind  availability  is  a  major 

constraint 


ordinal  score  is  3  indicating  average  locational 


WIND  TURBINE  ENERGY  CONVERSION  SYSTEM 
OPERATIONAL  CONSTRAINTS 

Effect  Remarks 


0  Moderate  constraint.  Part-load 

efficiency  less  than  full-load 
efficiency  because  of  Input/output 
inef feclencles  of  battery  storage. 

•  No  overload  capability 


Overall  Assessment:  The  ordinal  score  is  2  Indicating  turn-down  capability 
with  high  efficiency  penalty. 


Table  59.  RELIABILITY  OF  WIND  TURBINE  ENERGY  CONVERSION  SYSTEM 


Constraint 

Effect 

Remarks 

1. 

Moving  Parts 

• 

Large  mass  moving  parts 

2. 

Operating  Temperature 

— 

3. 

Modularity  of  the  Design 

0 

4. 

Stress  Levels 

• 

Large  stresses  at  high  wind  speeds 

5. 

Corrosion 

0 

6. 

Other 

• 

Wind  systems  are  highly  Inter¬ 
active  with  wind  availability 

Overall  Assessment:  The  ordinal  score  is  2  Indicating  moderate  potential 
unreliability. 
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DATA  SHEET 


Energy  Conversion  System:  Wind  Turbine-Horizontal  Axis 


Parameter:  Efficiency 


Energy 

Conversion 


Parameter  Value 


Plant 


Assumptions  of 


System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


W.  53 


W.  42 


W.  53 


W.  42 


W.  53 


W.  53 


W.  53 


W.  10 


W.  13 
W.  10 


W.  12 


W.  53 


W.  53 


W.  53 


W.  53 


W.  18 


W.  18 


W.  53 


W.  18 
W.  21 


W.  21 


W.  21 
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DATA  SHEET 


Energy  Conversion  System:  Wind  Turbine-Horizontal  Axis 
Parameter:  Efficiency  (continued) 


Energy 
Conversion 
System  Ref. 


Parameter  Value  Plant 

Study  Operating  Plant  Size.  kW 


Assumptions  of 
Advanced  State  of  the  Art 


W.  55 


0.13  2.2 


W.  55 


0.12 


25.0 


DATA  SHEET 


Energy  Conversion  System:  Wind  Turbine-Horizontal  Axis 
Parameter:  Volume/Size  (Rotor  Diaroeter-Ft) 


Energy 
Conversion 
System  Ref 


Parameter  Value  Plant  Assumptions  of 

Study  Operating  Plant  Size.  kW  Advanced  State  of  the  Art 


w. 

53 

8.5 

1.0 

w. 

53 

8.0 

1.5  &  2.5 

w. 

53 

12.0 

2.0 

w. 

53 

14.0 

3.0 

w. 

53 

12.0 

1.0 

w. 

53 

6.0 

0.2 

w. 

12 

31.0 

8.0 

w. 

55 

40.0 

25.0 

w. 

18 

64.0 

40.0 

w. 

21 

125 

200 

w. 

21 

200 

2000 

w. 

21 

300 

2500 

DATA  SHEET 


Energy  Conversion  System:  Wind  Turbine-Horizontal  Axis 

Parameter:  Weight  (with  tower).  Lbs 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


DATA  SHEET 

Energy  Conversion  System:  Wind  Turbine-Horizontal  Axis 

Parameter:  Start-up/Shutdown  Time 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size.  kW  Advanced  State  of  the  Art 


DATA  SHEET 

Energy  Conversion  System:  Wind  Turbine-Horizontal  Axis 
Parameter:  Lifetime  (yrs) 

Energy 

Conversion  Parameter  Value  Frequency  Assumptions  of 

System  Ref,  Study  Operating  Plant  Of  Operation  Advanced  State  of  the  Art 


DATA  SHEET 


Energy  Conversion  System:  Wind  Turbine-Horizontal  Axis* 
Parameter:  Acquisition  Cost  (In  1980  dollars) 


Energy 
Conversion 
System  Ref. 


Parameter  Value  Plant  Assumptions  of 

Studjr - Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


w.  41 

3,877,000 

2500 

2,078,000 

2000 

1,250,000 

200 

W.  53 

5200. 

2.0 

W.  53 

7200. 

2.0 

W.  55 

22,800. 

25.0 

W.  10 

10,000 

8.0 

W.  53 

5000. 

1.0 

W.  53 

12,000. 

15.0 

W.  53 

6000. 

1.5 

W.  53 

6200. 

2.5 

W.  53 

7000. 

3.0 

♦including  tower 


DATA  SHEET 


Energy  Conversion  System:  Wind  Turbine-Vertical  Axis 

Parameter:  Efficiency 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 
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K(.uu|RfcK(.NlS  AKJ  U11LI1Y  I  NTfc RF  ACE  /  INS  T I  1 0 T  I ONAL  IbbUtb.  VOL  • 
1.  h  AK 0  0  kfc  uu  IHSKi.Nl  S 
OUuUL*  u»A»t  STA.-FORU*  J.V.  (COS. 

LUM*-?GO«W5  — «  VOfc.  I  1 

NT  lc.  PC  AU/Mh  AGI. 

ifcuU  IS7VS  A  WORK  SHOP  l/s.  R  AND  0  RtuUlHEMLNTb  A  NO  OTlCllY 

1N7L KFACc/lNbf llul 10NAC  ISSUES 

HUOLOfcR •  CO*  USA 

«£u  Ecu  Iv’/V 

IG7V 

cuts  —  |  7Cuv2  •  I  AKbO 

COb-17tfCGt 

REH - 30  1 A 1  VOL*  I) 

ENERTLCM  CORPORATION  IS  CURRENTLY  ENGAGED  IN  A  PR  OCR  AM  10 
OLVEuOP  mND  EAiRILAIL  PROTOTYPES  FOR  TESTING  OF  A  2  AM 
HlOH-Ki.LlAOlLl  TV  W  l  No  1U«1  1  Nfc  GENERATOR.  TtC  MACHINE  IS  TO  6fc 
C AP nt)L L  uF  PKJUuc  I.VW  i  K*  OF  ELECTRICAL  PUWEK  IN  A  V 
AtU^/iUUNii  IkG  MlLt/K)  w  |Nu*  ANO  SHOULO  REuUIRL  NOT  MORE  THAN 
UNc  MAN-uAV  uF  SERVICE  PER  YEAR.  THE  OES 1GN  CHARACTERISTICS  ANO 
OEERATIM.  ECUsUMlCS  ARE  PRESENTED. 

cosi; economics:  uis power  generation; poser  range  i-io  nw; 

SPECIFICATION:  ulSwlNO  luKblNES:  T | 


EOCCOSS3I2 

SLRI/1P — 3I-^WFC  VUL  ./  MMT.k  MP.  S9G-61* 
uKAPril  TE  "AkUAj  NuR  COMPOSITE  TfcCHNOLOuV 
MLYrRtR*  l*i  PAPROCnI.  S* 

MATERIAL  CONvi PI S»  1KL.V  COLUMBUS*  OH 

RclIAl-ILITV  Jt  MAl^HlALS  FUR  SOLAK  ENtRuYJ  WORKSHOP  PROCEEDINGS 

Cl»NF-/t  1  «...*• - «  VOL .*  MPT.  *> 

SVV-OlL 

UCP.  Nils*  Pc  AW/M  F  AOI. 

NEC  I  ABILITY  CP*  MATERIALS  FuR  SULAM  ENERGY  WORKSHOP 
U.KVcK  *  wO  •  OS  A 
lo  OfcC  ls7b 
UCl  I  V  /V 

EUf  -  1 7  06 02  s  300  30  3 1 3  E 030 1 
EUb-!70Lv>«. 

SCr  1 /TP — 31-cwb4  VOL.? HPT »k  I 

LONVfcNT TONAL  ANu  AO VANCE L  ► I rtK-Kc INFORCE D-NONMLTAL  MATRIX 
CuNhOSITiS  Ax±9  AT  Pks.Sz.NT*  HIGHLY  CUMP£  T I  1 1  Vfe  WITH 
•»*  T  t.tM*  Ik  I A  CUMKUS11ES  IMMCSl  F«0N  TrlE  SfANOPOINTS  OP  DESIGN. 
LcNF iDcNcE.  ANU  COST.  THE  SPECIFIC  PKuPfcR TIES  OF  TENSILE  STRESS 
ANU  fcwASTlC  HJUULUS  OF  CERTAIN  FlbER-RClNFORCEO  EPOXY 
CUMPuulTES  A»C  EXTREMELY  HIGH  AND  CAN  BE  EASILY  UTILWEO  IN 
APPLICATIONS  IN  WHICH  AMUIENT  TEMPERATURES  PREVAIL  AMO  IN 

environments  of  limited  severity*  metal-matrix-cumposite 
technology  Is  Presently  at  a  PuIRT  That  IS  CUMPAR AbLfc  TO  THE 
EAmLV  iVbOS  CCVELuPMfcNl  UF  N UNMET  ALS  COMPOSITES.  IT  IS  IN  ITS 
|f#ANCY.  but  IT  IS  RAPIDLY  EMERGING  FROM  THAT  STAGE  ANO 
DEStRVES  ATTcMllUN  A»  COMPLEMENTARY  TECHNOLOGY.  THE  FACT  OF  ITS 
JLlNi*  COMPEER  N1  ARY  IS  OF  GREAT  IMPORTANCE. 

MfcIAi.-MATR|X-CLMMUSiTE  TECHNOLOGY  IS  AN  UFFSHCOT  OF  THE  SAME 
UcVEwOPMlNT  That  PRUUUCCU  GRAPHITE -EPOXY  COMPOSITES  AND  IN  TH. 
FUTURE*  MAY  VERY  WELL  CANNY  CUMPU SITES  INTO  APPLICATIONS  NOT 

FcASIbcE  for  plastics. 

ALUMlNIUMtCUt^USIIE  MATERIALS!  T3.Q2 1 FABR I CA T ION!  03 1  GRAPH I T  E { 
MECHANICAL  PMJPERTILS!  031 TUK8 I Nfc  BLADE SS  Tk.OISWINO  TURBINES! 

T  I 
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r»CCOOAVCOI 

CU;»  -TVObAl  PP.  7S-7b 

j  II 1  no  MANUAL/  biUHl  COURSE  FOR  SMALL  WIND  ENERGY  CONVERSION 

SYSTEMS 

HliLTtA,  T.«. 

PAllcLLi  PACIFIC  NORTHWEST  LAOS*  •  RICHLAND*  BA 
SULAk  7 V  NuRlHWcbT 
KINO.  S.  (t0« 

7S-/C 

OfP.  Nllb*  PL  A1V/MF  AOI * 

‘jILM  ?V  NORTHWEST  CONFERENCE 
SLaI  ILL*  *  A  •  USA 
10  AUL  IV7V 
IWV 

to-j-l  ?0oC«;2YVGU4 
fiuo-l  7C6vA 
LUNF  —7  «*  Ob  A  fe  — — 

IMnJPLh  b  I  1  INI*  1  HA  I  CAUSES  LE SS-tHAN-LXMECICD  ENERGY  OUTPUT  IS 
A  COMMON  CAOU.  UK  DISSATISFACTION  AMONG  SMALL  V|NO  MACHINE 
Ubv-Kb*  TO  ASSIST  IN  PROPER  SUING*  PACIFIC  NORTHWEST  LABORATORY 

I PI4L ) •  Ab  PANT  of  the  fcolmal  vino  energy  program*  prepares 
INtOnNA  1  IUN*  SUCH  AS  A  SUING  HANDBOOK  FOR  SMALL  WIND  ENERGY 
CUNVLksIuN  SYSTEMS  IwEGLCY  El  AL. •  Ivlbl*  tM I S  HANDBOOK  lb 
UNSIGNED  FOk  THE  LAYMAN  INTERESTED  IN  MIND  ENERGY  CONVERSION*  A 
SmUKT  CuUNSfc  JS  BLIND  DEVLLOPEO  TO  PREPARE  EXTENSION  AGENTS* 
DLAlERS*  REPHESEN1ATI VES.  ETC*  TO  HELP  USERS  SITE  THEIR 
MACHINES*  A  SECOND  SHORT  COURSE  IS  ALSO  BEING  DEVELOPED  TO 
PRUVILt  WfcCS  CONSUMERS  t|TH  PERTINENT  INFORMATION  ON  SITING 
VINO  MACHINES* 

UP!  IMHAl  ION  (SITE  SELECTIONS  Ol.WlNO  TURBINES:  11 
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DESCRIPTORS 


bvRwOAoWP 

vlNu  ENERGY  CONVERSION*  VOLUME  IV*  OHlVE  SYSTEM  DYNAMICS 
MART  INEZ  *SANiMt2  •  M«;  L  AtiUSZh*  SK  I  •  T# 

MMbSALH^bSTH  IN  SI*  UF  TiCm**  CAMHRlUGL  (USA  |  *  AENOELAbTIC  and 
b  l«UL lURti  KLbtANLM  LAu* 

IR7 

LLP.  Nllb.  PC  AOV/MF  AOI* 

CONTRACT  EY-7b-S-Oi-A|3l 

bLP  IV7b 

EPfc  —I  70l»03 

tUi-ITOcU 

COO— A  I  41-1  1  (VOL*  A) 

The  DYNAMICS  UF  1 He  UR  I V fc  SVS1EM  AND  VARIOUS  APPROACHES  10 
POWER  TRANSMISSION  AhE  OtSCRlOEO*  THE  EFFECTS  ON  PERFORMANCE  OF 
USING  A  wUNSlANT  nOIUm  SPEED  AS  OPPOSED  TO  A  ROTOR  SPEED 
VAxVINg  WllM  The  WIND  SPLEL  ARE  DISCUSSED  FOR  VARIOUS  ROTOR 
UPtHAllNw  SCrfc UULfcS  AND  TYPICAL  FIND  DISlM 1BUT ICNb.  THE 
DYNAMICS  OF  iHt  COMBINED  ROTOR*  ALTERNATOR*  AND  DrIVE  SYSTEM 
A*t  analysed*  conditions  WHICH  could  LEAD  TO  ELtClKO-OVNAMIC 
INSTABILITIES  AND  OtSVNCMIONUATION  ARC  OISCUSSEO  AS  WELL  AS 
MEANS  FuR  STABILISING  THE  SYSTEM*  THE  OYNAM1CS  OF  THE  DRIVE 
SYS  I  EM  AND  UPlRlAM  DESIGN  CONDITIONS  FOn  VARIOUS  DRIVE 
SYSltMb  ARE  l>t  SCUbb  t  u  •  SuCh  Ab  LOCATION  OF  ThE  ALTERNATORS*  USE 
UF  HVmAULtC  L«IVw  SYSTEMS  AND  SMOOTHING  TECHNIUUtS* 

COMPARATIVE  tVALUATiONS:  Ok (ELECTRIC  PUVER (MECHAN | C At 
TRANbMlSbluNb:  Iw  *G  II  CP*E  RAT  I  UN  (PERFORMANCE  2  02  {POWER  GENERATION 

wind  turbines:  Tl 
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REPORT  NO* PAGE  C0NF-/V0t»AS— (  SUPPL  PP*  30-3« 

ii ill  f it lo  evaluation  program  for  small  vino  energy  conversion 

SYSTEMS 

AUIHUKS  ALDREL*  J • 

AU I  MON  AFF  tN.HviV  SYbTL'o  wRUUP*  GOLDEN*  CO 

11TLt(RU<*J)  Sue  Ax  7  V  NORTHWEST 

CD  Hum  UN  COMP  RING*  S*  (ED* 

PAGE  NO  JG-32 

AVAILABILITY  DEP.  NTIS*  PC  AOS/MF  AOI* 

CO  NF  TITLE  &ULAR  TV  NOR  1h  We  ST  COHERENCE 

COI4F  PLAC£  SEATTLE*  VA.  USA 

LUHF  UA1E  IV  AUG  |V?V 

DATE  IV/V 

CATEGORIES  EDD-170GUCS  2W0C3 

PRIMARY  CAI  £0B-I7G(H/D 

REPlKl  N.l  CONF-7Vv,t*VS— <  SUPrL.*  I 

AbbHALl  The  DEPARTMENT  OF  cNeRGV  (DOE  I  HAS  RECOGNIZED  THE  IMPORTANCE  OF 

SMALL  fttNu  S Tbit MS  AND  HAS  INITIATED  A  NUMBER  OF  PROGRAMS 
ULbiGNED  ID  AC CcLEM AT E  THE  COMMERCIALISATION  OF  THEM*  THE 
PROGRAMS  INCLUDE  The  ESTABLISHMENT  of  a  vino  SYSTEMS  TEST 
CENlCft  Tu  PNtJV  10 1  A  CAPABILITY  FOR  INTENSIVE  LONG-TERM  TESTING 

•  of  specs*  anw  a  technical  management  organization  chartered  to 

FUsTcR  T hE  OLVclOpmenT  Or  NEB*  LOB  CUSI  MACHINES*  PROVIDE 
SUPP3K1  1 0  1  He  DEVELOPMENT  OF  INDUSTRY  STANDARDS.  A NO  TO 
DISSCMIKaTc  ILLHNICAL  IN  FORMAT  IUN  TO  INDUSTRY  ANo  TO  THE 
GENERAL  PUBLIC*  IN  ADDITION*  A  FIElD  EVALUATION  PROGRAM  HAS 
rttfcN  DESIGNED  AS  A  Part  gF  THIS  PROGRAM  TO  ACCELERATE  THE 
wiMMEKC  |*LlZAl  ION  PKuLESE  FOR  SwECS*  THE  PROGRAM  GOAL  IS  TO 
PRuVIdE  KEAR-TeXM  RcSDLUIION  OF  LXISllNG  TECHNICAL  AND 
INSI tlulluNAL  CONSTRAINTS  IN  OROt*  THAT  BIND  ENERGY  CAN  EFFECT 
MAXIMUM  IMPACT  ON  THE  NATION'S  ENERGY  NEEDS* 

OCSCrIPTOTS  PERFORMANCE  1c  ST INGS  U2JU»  DOCS  1IIBINO  TURblNE&l  12*01 
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bGCggAAxCG 

SLkI/Tk — «?aS-|ua  PM.  30  1  —312 

uth  INI  1  IVL.  otNfcHlL  bloov  FuR  1  rife  EFFECT  OF  nlOn  LIFT  AIRFOILS 
OK  felND  TuRblNC  LUST  EFF LC 1  I VLNESS 

(.USAKAN*  P.O.S.;  m  1  L  SON  •  «  •  t  .  1  IHHESHER  •  k.*.i  BALKEk.  S.N. 
Acnjv IRONmENT,  1 KC. *  PASAOtNA.  CA 

wlND  ENERGY  INNOVATIVE  SYSTEMS  CONFERENCE  PROCEED  1 KC b 
v  AS  »  1  •  L  •  (t  U* 

CONF -7 vObg 1  — - 
301-31* 

Uc».  NT  lb*  PL  Alb/MF  A01  • 

•  IND  ENERGY  INNOVATIVE  SVSTE«  CONFERENCE 
Colorado  springs.  cu<  usa 

cj  MAT  1V7V 

DEC  1V7C 

tU)-l  70 

fcOt  -|  70C%-? 

btk |/!p — ZAS-1  a* 

IrtE  EFFECT  UF  HIGH  lift  devices  on  THE  system 

CUsT-trFutT  lvENCSS  OF  MIRJ  TURBINES  VAS  STUDIED  FOR  T»C  CASE  OF 
bUlM  Mj^IZUNIAL  AXIS  AND  VLRUCAl  AXIS  MACHINES.  A 
CONPHiM. Nbl VL  Re  V  It  V  OF  iHfc  VAR  loos  TYPbb  OF  HIGH  LlFf  AIRFOIL 
bCCTIUNi  WAS  PLKFJRHtO  VlTri  RESPECT  10  GENERALIZED  AERODYNAMIC 
PERFORMANCE  AND  STRUCTURAL  CONS I DL RA I  1 UNS •  AIRFOILS  HAVING 
PROMISE  INCLUDED  HIGH  lifi  INCIPIENT  SEPARATION  SECTIONS. 

SVMP:_  Ik  IlAL  HIGH  lifi  AIR  FUIlS.  AND  EXIwa  Thick  designs,  jet 
r LAP j  and  MOLl  I-ELlMcNT  SECTIONS  WERE  DETERMINED  TO  BE  TOO 
CjNPL  I  CAlc  li  HJh  PRACTICAL  APPLICATIONS.  THC  PERFORMANCES  OF 
doth  HORIZON IAL  AXIS  (NASA  MUO-X)  AND  VERTICAL  AXIS  (SANOIA  LAB 
DANKIEUSI  »IN)  TUHU1NES  WERE  MODELED  FOR  BASELINE  CASES. 
ASSUMING  UNITS  RATCO  AT  EGO  K«.  FOR  A  VARIETY  OF  DIFFERENT 
ROTOR  AlRrOlL  SLlTIUNS  *R>  PLANFuRMS. 

ALRUOTNARILS ;A iRrul ls:  T J.U1.g£.COMPaRAT| Vc  evaluaT ions; cost : 
gj;eff ic ilncy: performance  testing:  gj.torbinl  dladessvert ical 
AXIS  lUNDlNEs:  1 c .» IND  TURBINES:  Tl 
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c  Oh  DO 3  J  Vtt 

DusIdN  IIODY  A  NO  CCUNjF I C  ASSESSMENT  OF  MULTI-UNIT  OFFSHORE 
• INC  tNtwuY  LONVcRSioN  SYSTEMS  APPLICATION*  VOLUME  ||. 
APPARATUS  DESIGNS  AND  COSTS.  FINAL  REPORT 
A  lLAR .  L .A . 

•LSTINuMuuSL  ELECTkIC  CORP • .  EAST  PITTSBURGH.  PA  (OSAI 
Dig 

DCP.  Nils.  PL  Al W/MF  ADl . 

LON  1  kAl!  LX-7u-L-G1 -ES3G 
!«.  JO*.  IvTV 
t  Dt  -|  7  ctG* 

Lu>  — 1  7vt0« 

■  ASm—  «.  jjw-7u/  *<  VOL  •  «  ) 

PANAHtTKIL  04  SIGNS  AND  COMPANION  COST  FUNCTIONS  ARE  PRESENTED 

Fix  each  maj«j<  Component  ok  an  offshore  wife;  energy  conversion 

SYSTEM  (LwECs)  •  TH-SE  ARE  (1)  iHc  SUPPORT  PLATFORMS.  M)  THE 
•IND  ToKuINE  GENcRATuP  IVTgI  PLANTS*  AND  I3>  THE  ELECTRICAL 
ENERGY  LDLLEcT ION  AND  TRANSMISSION  SYSTEM  INCLUDING  (4) 
SUBSTATIONS.  A  oACKOP  HYDROGEN  ENERGY  DELIVERY  SYSTEM  FOR 
cXIRcMi-LT  RE  Nile  lx  Oc£P  •  Attk  SITES  MAS  ALSO  EVALUATED.  COSTS 
ARE  PRESENTED  FJn  F  AdKlCAl  INv.,  TRANSPORTING.  INSTALLING. 
UkERAIINl.  ANp  MAINTAINING  t ALH  OF  THESE  COMPONENTS. 

cost  ;D:  siviN:  o*.uj; flasi  cIl l T *  studies:  uiiuffshore  platforms: 
t<;*iffshukc  sites:  wIipOblr  genera T!un;po«er  transmission;*  l**> 
Pcwlk  plants:  tuning  tupdincs:  13 
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i  I 

boC  i'WiV/'j 

NASA-CP— d  1  0*.  Pf*.  2f7-*e«» 

DESIGN.  FAbktCATlUN.  AnD  TEST  OF  A  STEEL  SPAR  ttlND  TURBINE  BLAGf 
SULLIVAN.  T • L. i  SIROlKY.  JR . »  VlTEHNA,  L.A. 

LeNiS  RESLARlH  CENTER.  CLEVELAND.  OH 

LAkgs  •  I  No  TeKDInE  pisIGN  CHARACTERISTICS  AND  k  AND  D 

RLwoIklMSNTS 

LlCtLCIN.  S.  (ED. 

LUNr  »7yt.  I  11  — 

Ec /-is* 

Dip.  NT  Is.  Pl  A£g/MF  A01. 

CCFtF  t  kc  NlE  ON  LAkwE  •  IND  T  ORbl  Nt  CHARACTERISTICS  AND  k  AND  D 

Hlwu IkEMlNTS 

CLtVtLANG.  DM,  UsA 

**  APR  lw7V 

»V7v 

tUB-|7oc>b? 

EUb-|  70t-  JL 
nAsA-CP — 4.  I0o 

gNl  potential.  k.ans  for  reducing  the  costs  of  wind  Turdine 

OLADcS  IS  TO  OSS  X  MASS  I*UDull0  STRUCTURE  As  THE  PRIMARY 
STRUCTURAL  MfcMLtk  OF  THE  bLAUe.  TAPfcnED  bEAMs  SUCH  AS  THOSE 
USED  FOR  UTILITY  POLES  ARE  THE  TYPE  OF  MASS  PRODUCED  STRUCTURE 
ENVISAGED.  1t«£  AIRFOIL  SHAPE  COULD  BE  FORMED  Ov  LIGHT-nEIGHT 
FOAM  OR  LlGHT-NClGHT  nIBS  OVER •RAPPED  »1Th  FIBERGLASS  CLOTh.  IN 
OlOtN  TC  DtTlkMINL  THE  F  f  AS  UTILITY  OF  THIS  CONCEPT.  A  60  FT. 
SIEEg  SPAk  BLADE  BAS  DESICNcd.  Using  this  design.  t*o  blades 
WERE  FABkICAIcJ  at  ThL  LEnIS  RESEARCH  CENTER  AND  TESTED  ON  THE 
MUD-0  VINO  WTblNt.  iHt  DESIGN  AND  FABRICATION  OF  THE  BLADES 
ARE  DESCRIBED.  PERFORMANCE  AND  BLADE  LOAD  INFORMATION  IS  GIVEN 
Afe>  COMPARED  TO  ANALYTICAL  PREDICTION.  IN  ADDITION.  PERFORMANCE 
lb  COMPARED  TU  THAT  OF  T  r*c  ORIGINAL  MOD-g  ALUMINUM  BLADi  S. 

COSTS  FoR  oUILoINu  T  iiL  T  OLADLS  IS  Glv4.N1  AND  A  PROJECTION  IS 
MAUI  FOR  THL  COST  IN  MASS  PRODUCTION.  FINALLY.  DESIGN 
IMpkOVEmeNTB  TO  REDUCE  WEIGHT  AND  IMPROVE  FATIGUE  LIFE  ARE 
SUGGESTED. 

cost:  GE  IDES  1GN|  FABRIC  AT  ION!  (IttSTRESS  ANALYSIS!  TUNDINE  BLADES: 
U'.GISBIND  TVMOINES:  Tl 
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•  IN'U  TUKblNt  HLAUtS 

LUbLtlN,  b*  i  LUNDAHL*  D*S*5  FURLONG*  D*  b*  JP  L  t  RY  *  U*J.  $  UHLItW, 
M.L. 

ICcHNICt.L  RLHIRi  SERVICES*  UuCNY  HlV&R*  OH  lUSAtl  TOTH  ILL  PUM** 
CO*  OF  CALIFLHNIn*  SAN  RAFAEL  (USA) l  PARAGON  PACIFIC*  INC*.  EL 
bLGUNDG*  CA  (USA) 

NASA -CM  — I  S9  72S 
120 

OfcP.  NT  lb*  Pc  AGo/mF  AGI • 

CON  INAL  I  fcA-*S-  A“CV‘IOct 

SEP  l  v  7  G 

EI«L<-I70o6£ 

LLC-I  7Ct>Ct 

DM.  /NAS  A/bVOcr*  -7  9/  1 

AS  A  PANT  OF  TFC  UUL/NAbA  RESEARCH  PROGRAM  ON  FIND  ENERGY*  A 
PL  EL  1*4 1  NAKY  (.VALUATION  FAS  CUNDUL  1  EO  OF  THE  FE  AS  Id  IL  1 1  V  OF  THE 
Ubt  OF  PKLST^bbLJ  CONCRETE  Ab  A  MATERIAL  FOR  LCIF-COST  BLADES 
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A  BRIEF  REVIEW  OF  TrC  WIND  POWER  MARKET  SITUATION  IS  GIVEN. 

TWEE  vlAbLE  WINDMILL  CLASSES  ARE  IDENTIFIED  IN  THE  PO«R 
ranges  OF  0*1*  1*  AND  1000  *p.  JUDGING  BY  THE  PUBLIC  RESPONSE* 
AND  So*E  VERY  PRELIMINARY  MARKET  SURVEYS*  ThE  DEMAND  FOR  THE 

TPO  smaller  chits  appears  attractive  for  private  venture  , 

CAPITAL*  SOMfc  COMMON  CHARACTERISTICS  OF  POTENTIAL  PURCHASERS 
FOR  TrC  I  TO  5  K*  SYSTEMS  ARE  IDENTIFIED*  A  BASIC  AERODYNAMIC 
PERFORMANCE  ANALYSIS  FOR  THE  CROSSMINO  TYPE  ROTOR  IS  OUTLINED* 
SHOP InG  (HAT  IT  IS  INTRINSICALLY  LESS  EFFICIENT  AEROO VNAMl CALL V 
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ID  BE  CUMPAHMLE  BUT  SLIGHTLY  LESS  EFFICIENT  STRUCTURALLY  THAN 
TrC  PROPELLER  TYPE. 
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COS  I  ANALYSIS  SUPPORTED  bY  PRELIMINARY  DESIGN  STUDIES  Of  ONE 
AND  Ut!  IcAUtO  PINO  PQpEkED  CEnErAIuk  UN  IIS  SHUAS  THAT  A  30£ 
RcDUClltiN  IN  ACUUISMIUN  COSI  CAN  bE  ACnlEVtO  WITH  A  ONE  BLADF.O 
DLSIuK.  UcSIUYS  STUDIED  MKE  SlAcO  FuR  AN  OUTPUT  POWER  OF  1000 
klLOftATTS.  T HE  ONr  bLADfcU  DESIGN  HAS  THE  PDltKTlAC  FOR  REDUCING 
ACUulSlllUN  COSI  TO  StotoO  PER  A  YA 1  CASH  E  AlLOPATl  IF  THE  UNI  1  IS 

LUCA7CC  in  a  region  pith  mean  surface  pinds  of  is  mph. 

VlbkAtURV  LOADS  UF  THE  ONE  BLADES  UtS  IGN  AR>  SIGNIFICANT  AND 
PILL  rlgUIhE  CUNSlDtNAMLL  DESIGN  ATILNllDN.  |H£  ONE  PER  REV 
LUR  I UL  1  S  TURUlE  CAUSED  bY  BLADE  FLAPPING  IS  iHt  MUSI 
SIGNIFICANT  PROBLEM .  iHfe  MAJuR  SOURCL  UF  BLAUfc  FLAPPING  PILL  BE 
1 HE  VELUCllt  GRADIENT  OF  TFC  GROUND  BUUNUARY  LAYER.  A  TORSIONAL 
VIBRATION  ISLLATING  COUPLING  MAY  BE  REGUlRED  IN  THE  GENERATOR 
GRIVZ  TO  REDUCE  THE  LOADS  OUL  TO  THIS  VlDRATUkV  TORGUE •  AN 
INCLINED  FLAM*  INC  HINGE  ALSO  IS  DtSIRAOLt  TO  CAUSE  PITCH-PLAP 
CUUHCiNG  1HAI  PILL  SUPPRESS  oLAOt  FLAP  MOTIONS. 

AtkoDY  NAF  I  L  S  SCONF  1GURAT  1  UN  .COST  5  g  I  JRLLHAN  1C  AL  VIBRATIONS; 
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IffUKMAl  ION  U4  THE  USE  OF  PINO  TUkblNi.  ELECTRIC  GENERATORS  FOR 
HURL  PD  Pi.  k  SlPPLV  IS  PRESENTED  CONCERNING  «|NU  MEASUREMENT. 

Tlmo  ine  placemen  i  •  specifications  and  cod  Comparisons  for 
AVAILABLE  «IM>  TURBINES.  EXAMPLES  OF  PlND  T UK to INC  ELECTRIC 
GLNk.RAlu*S  AFfLltD  TU  HOUSE  POWER  SYSTEMS.  AND  LISTINGS  OF 
EuUlPMENT  MANUFACTURERS. 

cost:  ci i ; mouses:  te jperflnmance (planning:  ©3;  power  generation; 
mover  supplies;  tj.o* (specifications:  on  vino  turbines:  ti.03 
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STEAM  GENERATION 
TOY 00 75676 

LOW-COST  CONCEPT  FOR  THE  ENERGY  SUPPLY  FROM  THL  a|NJ 
GOSLlLH.  H.D . 

INGCN1 LOkruLkO  H.D.  GOSLlCH.  HAMBURG  I  GERMANY •  F.R.I 

1ST  GERMAN  SLLAR  ENERGY  FORUM.  VOL.  2.  PROCEEDINGS.  CHAPTER 

IV:  PlND  ENERGY 

DUSSEL.  U.  I  to.  I 
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I.  GERMAN  SOLAR  FORUM  WITH  EXHIBITION 
HAKoURG.  GERMANY.  F.R. 

-  ie  SEP  IV 77 

OGS •  MUENCHEN.  GERMANY.  F.R. 

IV77 

IN  GERMAN 
tUJ-l  7utu< 
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AFTER  A  HUM b EX  OF  YEARS  UF  PRACTICAL  EAPERILNCE  WITH  WINDMILLS 
tlPO-ROlUR  AW  AT  SYLT(  II  AW.  10  METER  DIAMtTE*  AND  ALSO 
SMALLER  PLANTS  AT  H AMBON  Cl  TwO-6  LADE.  HIGH  R.P.M.  PLANTS  WERE 
DESIGNED  WITH  THE  RUTCN  CM  THE  LEE  SIDE  OF  The  TUWER.  BOTH  IN 
ORDER  TO  SIN*  SIGNIFICANTLY  THE  CONSTRUCTION  AND  MAINTENANCE 
COST  AND  TO  INCREASE  Tut  LlFL  OF  THE  a  INOM ILL.  ThE  ROTOR  BLADES 
AML  JUlNUD  AT  THL  HU U  ANC  ROT  AT  L  ON  A  ’SPHERICAL  RADIUS* 

OlHINC  PtRillDs  OF  hIgH  WIND  VELOCITY.  FULL  PUaEk  IS  PRODUCED 
OiPlNG  STORMY  PERIODS.  A  CONCEPT  UF  LARGE  SCALE  POWER 
GENERATION.  ALONG  WITH  COST  COMPARISONS.  PILL  BE  UESCRIbCD. 
COMPARATIVE  tV ALUAT IONS! LOST ;Ut SIGN:  Ol i ECONOMICS .POP EG 
GENERAT luNiP INU  TuRbl NE S •  Tl 
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PuwtKFUL  NEW  VERSIONS  OF  T  HE  TRADITIONAL  WINDMILL  ARE  BEING 
Bulct  UNut«  CONTRACT  TO  LRDA.  DESIGNED  TO  PRODUCE  UP  TO  2.S  Ma 
OF  ELLCTkIC  POWER.  THEY  ARE  • • TRAD  I T IONAL • •  ONgY  IN  THAT  THEY 

use  whirling  blaues.  some  of  The  more  advanced  muoeis  may  bring 

•RE AXTmRDUGMS  IN  SHE.  POWER  OUTPUT.  AND  EFFICIENCY. 

CcfY  T  RAC  1  SIDE  SI  CM  (ELEC  TM I  C  POwERIENERuV  EFF  1C  IENCY  {POWER 
GENLRAI  Iun|  TlATBlNE  toLAOEblUS  £MOA|WlNu  TuRb  I  NLS*  T 
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OtSIGN  SlUOV  OP  VINO  TUM BINES  BO  X*  TO  3000  AW  FOR  ELECTRIC 
UTILITY  APPLICATIONS*  VOLUME  I •  SUMMARY  REPORT 
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THIS  SlUi't  «AS  ONE  UF  1*U  PARALLEL  EFFORTS  CONUUCTLO  TO  DEFINE 
T»€  WIND  TukL-lNC  CONF  iGORAT  I  LX  TnA  T  WOULD  LEAP  Tu  GENERAT  ION  OF 
ELECTRICAL  PIME4  |N  A  COST  EFFECTIVE  MANNER*  ALL  POSSIBLE 
OVERALL  SVSTLM  CONFIGURATIONS*  OPERATING  MODES*  AND  SUBSYSTEM 
CIPtLEPTS  ALKfc  EVALUA1EU  FOR  cOlH  TECHNICAL  FtASIblLlIV  AND 
COMP  AT  IblLl  T  Y  WITH  UTILITY  Nl  T  WURaS •  AS  SELL  AS  Ft*  ECONOMIC 
ATTRACT  I VLNLSS*  A  DESIGN  OPTIMISATION  COMPUTER  COOL  WAS 
OEVtLUPEP  TU  OETERMINt  I HE  COST  SENSITIVITY  UF  1HL  VARIOUS 
DESIGN  FLATutes*  AND  THUS  ESTABLISH  THE  COM*  IGUHAl  lUN  AND 
DESIGN  CONDI  HONS  Thai  WOULD  MINIMIZE  THE  GENERATED  ENERGY 
COSTS.  Tnh  PKLLIMIHAWV  OLSlGKS  OF  bOTn  A  SOc  NS  UNl  T  ANO  A  1600 
X*  UNIT  UPtRAT INg  IN  A  li  MPh  AND  lb  MPh  MEDIAN  WIND  SPEED 
RESPLC 1  IVELT  •  SERE  OE  VEtlPtU*  THIS  REPOaT  SUMMARISES  BOTH  THE 
rationale  employed  In  ThIS  study  and  the  key  findings  of  This 
study*  GUI  ODES*  not  PRESENT  AN  IN-OEPTh  DETAIL  OISCUSSION  OF 
ALL  UtSlGN  Cl* SIDt MAT  IONS. 

cone Igurat i uni  cost ; economics:  u?;eff iciemcyielectric  posers 
DPI  HUAI  JUN  SPONLK  GENERATION:  G2S  spec  if  |  CAT  ions:  giswino  power 
PlAKTg:  TkSSlMO  lURGINLSS  11 
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A  MAJok  HiAit  OF  THc  WIND  fcNwRuV  PROGRAM  IS  THE  DEVELOPMENT  OF 
REL  I  *|Nt>  TuRnIKCS  FIX  SUPPLYING  COST  -CJMPL  T  I  1 1  Vh 

ELECTkIcal  fcA4£RGY.  THE  PRELIMINARY  RESULTS  OF"  TWO  PROJECTS  IK 
THIS  PHASE  Or  THE  PRuGRA«  ARC  DlGCUS^LD.  FIRST  AN  LAPERIMENTAL 
106  XW  WIND  TURBINE  DESIGN  AND  ITS  STATUS  ARL  REVIEWED*  ALSO 
DISCUSSED  ARE  THL  RESULTS  OF  TWO  PARALLEL  DESIGN  STUDIES*  FOR 
determining  the  cunfigurat juns  ano  purer  levels  for  wind 

ltXblNES  WITH  MINIMUM  ENERGY  COSTS*  TMESL  STUDIES  SHOW  W I NO 
ENERGY  LUSTS  OF  7  Tu  1*6  CfcNTS/XWH  FUN  WIND  TuRLINES  PRODUCED 
IN  GUAM  IT  Its  OF  I0u  TO  IOOO  A  YEAR  ANO  LOCATtO  AT  SITES  HAVING 
AVERAGE  WINDS  OF  12  TO  IB  MPH* 
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FOUR  PROCESSES  FOR  PRODUCING  BLADES  ARE  EXAMINED*  TWO  USE 
FlLAMENl  WINDING  TECHNlUUES  AND  TWO  INVOLVE  FILLING  A  MOLD  OR 
FORM  TO  PROOUCE  ALL  ON  PART  OF  A  BLAmE*  THE  PROCESSES  ARE 
DESCRIBED  AMO  A  COMPARISON  IS  MADE  OF  COSTS*  MATERIAL 
PROP  tR 1 1 LS*  DESIGNS  ANO  FREE  VIBRATION  LHAmACTERI ST  ICS • 
CtXCLUSlONS  M*t  MADE  REGARDING  THE  FEASIBlLllV  OF  EACH  PROCESS 
ID  PRuOUCt  LOW  COST*  STRUCTURALLY  ADEOUATE  BLADES* 

COS1I  utSFAbRlCAllONI  it  2 ^FEASIBILITY  STUDIES  {PERFORMANCE  t 
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BATTERY  ENERGY  CONVERSION  SYSTEMS 


Analysis 


The  following  seven  battery  energy  conversion  systems  were  considered: 

•  Lead-ac id 

•  Na/S 

•  Ni/Fe 

•  Zn/Cl2 

•  Zn/Br2 

•  Li-Al/FeS2 

•  Redox  (Fe-Cr) 

Adequacy  of  data  for  analysis  of  quantitative  system  parameters  as 
summarized  in  Table  61.  Where  data  are  scarce,  best  judgement  is  used  in 
determining  values  of  quantitative  system  parameters.  Lack  of  data 
availability  is  due  to,  with  the  exception  of  lead-acid  batteries,  the  fact 
that  these  battery  technologies  are  under  development. 

Data  used  in  the  analysis  of  quantitative  system  parameters  of 
efficiency,  acquisition  cost,  weight,  volume,  footprint,  lifetime,  and 
temperature  of  battery  energy  conversion  systems  are  summarized  in  Table  62. 

Battery  energy  conversion  systems  are  modular  and  thus  certain  quanti¬ 
tative  parameters  may  not  be  correlated  to  system  size  (kWhr)  or  capacity 
(kW).  Where  data  are  adequate  to  perform  a  meaningful  statistical  analysis, 
parameter  values  are  stated  with  a  value  for  standard  deviation.  When  data 
are  limited,  a  value  for  the  parameter  is  stated  with  a  range.  In  cases  of 
limited  data  availability,  values  stated  are  based  on  best  judgement. 

Applying  appropriate  data  analysis  techniques  resulted  in  the  following  values 
for  quantitative  system  parameters. 


Table  61.  DATA  AVAILABILITY  FOR  BATTERY  ENERGY 
CONVERSION  SYSTEMS 


Parameter 


Efficiency 


Acquisition  Cost 


Operations  and 
Maintenance  Cost 


Weight  (Specific 
Energy) 

Weight  (Specific 
Power) 

Volume/Size/ 

Footprint 

Start-Up/Shutdown 

Time 

Lifetime 

Temperature 


-  Data  Availability  - - 

Adequate  Scarce  Not  available 


Lead-acid 

Ni/Fe 

Na/S 

Redox 

Zn/Cl2 

Li-Al/FeS2 

ZnBr2 

Lead-acid 

Ni/Fe 

Li-Al/FeS2 

Zn/Cl2 

Zn/Br2 

Redox 

Na/S 

• 

Lead-acid 

Na/S 

Ni/Fe 

Zn/Cl2 

Zn/Br2 

Li-Al/FeS2 

Redox 

Lead-acid 

Ni/Fe 

Zn/Cl2 

Zn/Br2 

Na/S 

Li-Al/FeS2 

Redox 

Lead-acid 

Ni/Fe 

Zn/Cl2 

Zn/Br2 

Na/S 

Li-Al/FeS2 

Redox 

Lead-acid 

Ni/Fe 

Zn/Cl2 

Zn/Br2 

Na/S 

Redox 

Li-Al/FeS2 

All  technologies 

Lead-acid 

Ni/Fe 

Li-Al/FeS2 

Zn/Cl2 

Redox 

Na/S 

Zn/Br2 

Lead-acid 

Na/S 

Ni/Fe 

Zn/Cl2 

Zn/Br2 

Li-Al/FeSo 

Redox 
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Redox 


Lead  Acid  Battery  Efficiency  (PBEFF) 

PBEFF  -  79Z 
Range  “  4% 

Based  on  limited  operating  plant  data. 

Na/S  Battery  Efficiency  (NAEFF) 

NAEFF  -  74Z 
Range  “  2% 

Ni/Fe  Battery  Efficiency  (NIEFF) 

NIEFF  -  60. 6Z 

Standard  Deviation  *  7.3Z 

Based  on  operating  plant  data. 

Zn/Clj  Battery  Efficiency  (CLEFF) 

CLEFF  -  60Z 

Based  on  one  data  point  value.  Must  be  used  cautiously  in  design. 
Ll-Al/FeSj  Battery  Efficiency  (LIEFF) 

LIEFF  -  78. 5Z 
Range  -  3% 

Experimental  battery.  Limited  data. 

Redox  Battery  Efficiency  (REEFF) 

REEFF  -  73. 7Z 


Range  ■  7Z 

Experimental  battery.  Limited  data 


efficiency  values  are  for  the  battery  only  and  do  not  include 
efficiencies  of  charging  components  or  of  power  conditioning  equipment 
necessary  to  serve  a  load. 

Lead  Acid  Battery  Acquisition  Cost  (PBC) 

PBC  -  $97 .7/kWhr 

Standard  Deviation  ■  $26.0/kWhr 

Based  on  operating  plant  data. 

Nl/Fe  Battery  Acquisition  Costs  (NIC) 

NIC  »  $950/kWhr 

Range  ■  $450/kWhr 

Not  commercially  available.  Acquisition  cost  based  on  DOE  goals  for 
limited  production  of  experimental  batteries.  Use  with  caution  in  design. 

Ll-Al/FeSj  Battery  Acquisition  Cost  (LIA) 

LIA  -  $2000/kWhr 

Not  commercially  available.  Experimental  status.  Use  with  caution  in 
design. 

Lead  Acid  Battery  Weight  —  Specific  Energy  (PBSE) 

PBSE  -  15.3  Whr/lb 

Standard  Deviation  «  3.1  Whr/lb 

Based  on  3  to  5-hour  discharge  rate  to  80Z  depth  of  discharge  (DOD) . 
Longer  discharge  times  increase  specific  energy.  Specific  energy  is  decreased 
for  short  discharge  times. 

Na/S  Battery  Weight  —  Specific  Energy  (NASE) 

NASE  -  45.2  Whr/lb 

Range  >5.0  Whr/lb 

Based  on  limited  data  on  experimental  cells. 

Nl/Fe  Battery  Weight  —  Specific  Energy  (NISE) 


NISE  -  21.4  Whr/lb 

Standard  Deviation  >1.2  Whr/lb 


Zn/Br,  Battery  Weight  —  Specific  Power  (ZBSP 


Based  on  1980  electric  vehicle  design  specification.  Use  with  caution  in 
design. 

Lead  Acid  Battery  Volume  (PBV) 

PBV  -  2.60  Whr/ft3 

Standard  Deviation  -  0.65  Whr/ft"* 

Ni/Fe  Battery  Volume  (NIV) 

NIV  -  3.3  Whr/ft3 
Standard  Deviation  *0.3  Whr/ft3 
Zn/Clj  Battery  Volume  (ZCV) 

ZCVU  -  220  Whr/ft3 

Design  point  for  utility  peakshaving  plant  (100  MWhr) .  Single  data  point 
based  on  experimental  module. 

ZCVEV  -  3790  Whr/ft3 

Range  “  35  Whr/ft3 

IVo  data  points  for  electric  vehicle  experimental  batteries.  Values  for 
ZCVU  and  ZCVEV  must  be  used  with  caution  in  design. 

Zn/Clj  Battery  Footprint  (ZCFU) 

ZCFU  -  7.2  kWhr/ft2 

Single  data  point.  Based  on  design  for  utility  peakshaving  (100  MWhr) 
battery.  Use  with  caution  in  design. 

Lead  Acid  Battery  Cycle  Lifetime  (PBCL) 

PBCL  ■  500  cycles 

Range  -  200  cycles 

Ha/S  Battery  Cycle  Lifetime  (NACL) 

HACL  ■  1000  cycles 


Range  ■  300  cycles 

Cycle  lifetime  values  range  from  200  to  10,000  cycles.  NACL  should  be 
used  with  caution  in  design. 


NICL  ■  1375  cycles 
Standard  Deviation  -  395  cycles 
Based  on  operating  plant  data. 


Zn/Br,  Battery  Operating  Teaperature  (ZBT) 

ZBT  -  120*F 

Li-Al/FeSj  Battery  Operating  Temperature  (LIT) 
LIT  -  845° P 
Range  -  45° P 


Thermal  Energy  Available 

Lead  acid,  Ni/Pe,  Zn/Cl^,  Zn/B^,  and  redox  battery  energy  conversion 
systems  operate  below  150°F  and  consequently  produce  waste  heat  at 
temperatures  too  low  to  be  of  value.  Na/S  batteries  operate  at  635°F,  and 
Ll-Al/FeS2  operates  at  845°F.  These  two  battery  technologies  produce  heat  at 
useful  temperatures.  However,  they  are  efficient  (efficiency  about  75Z),  and 
whatever  heat  Is  produced  Is  used  to  maintain  operating  temperature  against 
heat  loss  to  ambient.  Thus  only  a  small  amount  of  thermal  energy  may  be 
available  from  Na/S  and  Li-Al/FeS2  battery  systems. 

Mobility 

Batteries  are  modular  systems.  As  such  they  have  high  mobility. 

However,  energy  density  is  low  as  compared  to  alternatives  such  as  a  fuel- 
fired  diesel  engine.  Considering  battery  energy  storage  density  alone,  a 
50,000  pound  load  would  correspond  to  an  energy  capacity  between  760  and 
2000  kWhr.  This  Is  the  equivalent  of  94  to  250  gallons  of  distillate  fuel  oil 
converted  to  electricity  at  20  percent  efficiency.  The  weight  of  balance  of 
system  components  further  reduces  the  amount  of  energy  that  may  be  trans¬ 
ported.  Overall  assessment  is  that  mobility  is  high,  but  the  amount  of  energy 
that  can  be  mobilized  is  low. 

Availability  of  Raw  Materials 

•  Lead  Acid  Battery.  No  problem.  Materials  are  readily  available. 

•  Na/S  Battery.  Sodium  and  sulfur  are  readily  available.  However, 
containment  material  alternatives  are  stainless  steel  (contains  chromium), 
titanium,  or  aluminum.  Chromium  is  limited  in  abundance  and  91Z  of  U.S. 
needs  were  Imported  in  1980.  Chromium  has  strategic  value.  Chromium  may 
be  a  problem.  Titanium  resources  are  adequate.  One  hundred  percent  of 
U.S.  needs  were  Imported  in  1980.  Titanium  has  strategic  value.  Titanium 
may  be  a  problem.  Aluminum  is  abundant  but  86Z  of  U.S.  aluminum  (as 
bauxite  ore)  was  imported  in  1970.  Aluminum  also  has  strategic  value. 


•  Nl/Fe  Battery.  Nickel  and  iron  are  plentiful.  However,  lithium  and 

cobalt  are  additives.  Lithium  supply  is  a  minor  problem.  However,  cobalt 
has  strategic  value  and  93%  was  imported  in  1980.  Overall  assessment  is 
that  raw  materials  are  available  for  the  Ni/Fe  battery. 

e  Zn/Cl^  Battery.  Chlorine  is  available.  Zinc  is  available  but  substantial 
amounts  of  zinc  are  Imported.  The  positive  electrode  of  the  battery  is  a 
titanium  substrate  coated  with  ruthenium.  Although  titanium  resources  are 
adequate,  titanium  is  a  strategic  material.  All  titanium  is  imported. 
Ruthenium  is  available,  but  all  must  be  imported.  Ruthenium  has  signifi¬ 
cant  strategic  value. 

e  Zn/Brj  Battery.  Bromine  is  available.  Zinc  is  available  but  mostly 
Imported.  The  positive  electrode  is  ruthenium-coated  titanium.  Both 
materials  are  in  adequate  supply,  but  have  significant  strategic  value. 

e  Ll-Al/FeS^  Battery.  Iron  and  sulfur  are  available.  Although  most 

aluminum  raw  material  is  Imported,  aluminum  availability  is  no  problem. 
However,  lithium  availability  could  be  a  problem.  "It  is  estimated  that 
the  lithium  cost  will  account  for  about  50%  of  the  Ll-Al/FeS2  material 
cost.  If  the  projected  commercialization  of  the  total  system  Is  under¬ 
taken  in  the  U.S.A. ,  then  by  the  year  2000,  15Z  of  the  known  U.S. 
resources  (5X  of  world  resources)  would  be  in  use.  Lithium  recycling 
could  be  used  to  reduce  demand  in  the  same  manner  that  lead  is  presently 
being  recycled.  Use  of  the  above  proportion  of  known  resources  would 
provide  storage  batteries  for  20  million  electric  vehicles  (EV)  and 
3,500  utility  load-levelling  plants  of  100  MWh  capacity.” 

e  Redox  Battery.  Iron  is  available.  Chromium  is  a  limited  resource  of 
considerable  strategic  value  of  which  91%  was  imported  in  1980. 

Other  Parameters 

Locational  and  operational  constraints,  reliability,  and  environmental 

factors  are  presented  in  Tables  63,  64,  65,  and  66,  respectively. 


Murphy,  D.  W. ,  J.  Broadhead,  and  B.  C.  H.  Steele.  "Proceedings  of  a  NATO 
Conference  on  Materials  for  Advanced  Batteries.”  Sept.  9-14,  1979. 
Aussois,  France.  Plenum  Press,  New  York  (1980). 
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Table  63.  BATTERY  ENERGY  CONVERSION  SYSTEM 


LOCATION 


_ Constraint _  Ef  feet 

1.  Water  Requirements  0 

2.  Manning  Requirements  0 

3.  Fuel  Availability  and 

Delivery  • 

4.  Fuel  Storage  — 

5.  Other  A 


Overall  Assessment:  The  ordinal  score 
constraints. 


CONSTRAINTS 

_ Rema  rk  s _ 

Highly  distilled  water  used  as 
electrolyte  In  some  battery  types. 


Electricity  is  the  fuel. 

Not  applicable. 

Safety  is  prime  consideration, 
for  siting.  Chlorine  or  bromine 
leaks  are  possible  with  Zn/Clj 
and  Zn/B^  batteries.  Leaks  from 
Na/S  and  Li-Al/FeS?  can  be 
serious.  Lead  acid  batteries  give 
off  hydrogen  and  oxygen  which 
can  be  explosive. 


is  3  indicating  average  locational 


Table  64.  BATTERY  ENERGY  CONVERSION  SYSTEM 
OPERATIONAL  CONSTRAINTS 

_ Constraint _  Effect  _ Remarks _ 

1.  Part-Load  Capability 

and  Efficiency  0 

2.  Overload  Capability  •  No  overload  capability  except  as 

des igned. 

3.  Load  Following  0 

Capability 


Overall  Assessment:  The  ordinal  score  Is  3  indicating  average  turn-down 
capability. 
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Table  65.  8ATTERY  ENERGY  CONVERSION 
SYSTEM  RELIABILITY 


Constraint  Effect 


1.  Moving  Parts 

0 


2.  Operating  Temperature  0 

3.  Modularity  of  Design  0 

4.  Stress  Levels  0 

5.  Corrosion  6 

6.  Other  0 


Rema  rk  s 


Very  few  moving  parts  in  battery 
energy  conversion  systems. 

A  moderate  constraint  with  Na/S 
and  Li-Al/FeS2  batteries.  Not  a 
constraint  for  other  batteries. 


Corrosion  may  be  a  problem. 
Resolved  by  careful  material 
selection. 

Cycling  not  a  constraint  for  low- 
temperature  batteries.  Does 
affect  Na/S  and  Li-Al/FeS;)* 


Overall  Assessment:  The  ordinal  score  is  3  indicating  average  reliability. 


BATTERY  ENERGY  CONVERSION  SYSTEMS 

Raw  Data 
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DATA  SHEET 


Energy  Conversion  System:  Zn/Cl2  ”  Battery 
Parameter:  Efficiency 


Energy  Conversion 
System  Reference 


Allocated 

Reference 

Number 


Parameter  Value 

Study,  Operating  Plant 
Goal  or  or  Experimental 
Target  Results 


Plant  or 
Experiment 
Size,  kWh 


45kWh 


59.4%  (60.3%*) 


a.  23 


B.  52 


74.3% 
coulomb ic 
87.8  % 
voltaic 
65.2%  total 
(electrochem) 

65%  Electro¬ 
chemical 
55%  overall 
Including 
Auxiliaries 


>G5%  overall 


65.2%  Electro¬ 
chemical 
(87.8%  voltaic 
74.3  coulonfcic) 


50 . 4kWh 


B.  109 


48.7% 


63.3% 


Assumptions  of 
Advanced  State 
of  the  Art 


or  Comments 


*When  refurbished 


EV  battery 


Load  levelling 


Design  cost 
study 

Experimental  45  kWh 
battery.  Utility 
peak  shaving  duty.' 
DC  to  DC  March,  1978 

Goal .  Expermental 
45  kWh  battery. 

DC  to  DC. 


Energy  Conversion  System:  Zn/Cl^  (Zinc/Chlorine)  Battery 


Parameter: 

Efficiency  (Cont.) 

Energy 
Conversion 
System  Ref. 

Parameter  Value 

Study  Operating  Plant 

Plant 
Size.  kW 

Assumptions  of 

Advanced  State  of  the  Art 

B.  109 

72% 

Goal.  1980  to  1981.  Experi¬ 
mental  battery  for  utility 
peak  shaving.  For  installation 
at  BEST  facility.  DC  to  DC. 

54.8  kWh  battery. 

76.8  % 

Goal.  1984  to  1985.  Experi¬ 
mental  "FC"  battery  for  utility 
peak  shaving.  DC  to  DC.  57.9  kWh 
battery. 

79.4% 

Goal.  1989  to  1990.  Experi¬ 
mental  "FC  +  5"  battery  for 
utility  peak  shaving.  DC  to 

DC.  66.0  kWh. 

70.0% 

Goal.  1989  to  1990.  Experi¬ 
mental  "FC  +  5"  battery  for 
utility  peak  shaving.  AC  to 

AC.  66.0  kWh. 

B.  10 

65% 

Expected  efficiency.  Electric 
vehicle  service.  Including 
parasitics . 

B.  114 

65% 

Assumed  1990  EV  battery 
efficiency. 

78% 

Assumed  2000  EV  battery 

efficiency. 
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DATA  SHEET 


Energy  Conversion  System:  Zn/Cl2  -  Battery 
Parameter:  Volume/Size  and  Footprint 


Energy  Conversion 

System  Reference  Parameter  Value 

Plant  or 
Experiment 
Size,  kWh 

Assumptions  of 
Advanced  State 
of  the  Art 

Allocated 

Reference 

Number 

Study,  Operating  Plant 
Goal  or  or  Experimental 
Target  Results 

or  Comments 

B.  1 

1.12  X  1.12  X  1.52m 

52kWh 

Per  module 

55  X  43  X  5.5m 
(180  X  140  X  18ft) 

lOOMWh 

plant 

B.  7 

0.38m3 

5 1 . 4kWh 

EV 

B.  52 

0.38m3 

50.4kWh 

Design  study 

EV 

B.  109 

8--^  20  ft  height 

ft2 

20000  kW 

Design  goal. 

100  MWh  utility 
peak  shaving 
plant.  AC  to  AC 
basis . 

7.5  kWh/ft2 

20000  kW 

Mark  4  design 
for  100  MWh 
utility  peak 
shaving  plant. 
DC  to  DC  basis. 

Mark  4  design 
for  100  MWh 
utility  peak 
shaving  plant. 
AC  to  AC  basis. 


7.5  kWh/ft2 


20000  kW 


DATA  SHEET 


Energy  Conversion  System:  Zn/Cl2  -  Battery 
Parameter:  Weight  (or  specific  energy) 


Energy  Conversion 

System  Reference  Parameter  Value 

Plant  or 
Experiment 
Size.  kWh 

Assumptions  of 
Advanced  State 
of  the  Art 

Allocated 

Reference 

Number 

Study, 

Goal  or 
Target 

Operating  Plant 
or  Experimental 
Results 

or  Comments 

B.  7 

500kg 

(lOlWh/kg) 

5 1 . 4kWh 

EV 

B.  23 

99Wh/kg 

50 . 4kWh 

B.  '52 

499.4kg 

(lOlWh/kg) 

50 . 4kWh 

Design  study 

B.  106 

30  Wh/lb 

1980  goal.  Electric 
vehicle  service. 
Specific  energy. 

3  hour  discharge 
rate  to  80X  DOD. 

22.7  W/lb 

Experimental 
electric  vehicle 
battery.  Specific 
energy . 

31.8  W/lb 

31.8  W/lb 

1980  DOE  goal. 
Electric  vehicle 
battery.  Specific 
power.  30  sec.  at 
SOX  DOD. 

Experimental 
electric  vehicle 
battery.  Specific 
power. 

Electric  vehicle 
battery.  Optimistic 
projection.  3  hr 
discharge  rate 
1980  to  1985. 


B.  10 


45.5  Wh/lb 


Energy  Conversion  System:  Zn/Cl^  (Zinc/Chlorine)  Battery 
Parameter:  Weight  (Cont.) 

Energy- 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


40.9 

Wh/lb 

Probable  projection  1980-1985. 

50.9 

Wh/lb 

Optimistic  projection  1985-1990. 

44.5 

Wh/lb 

Probable  projection  1985-1990. 

54.5 

Wh/lb 

Optimistic  projection  1990-2000. 

47.7 

Wh/lb 

Probable  projection  1990-2000. 

47.7 

Wh/lb 

Electric  vehicle  battery. 
Optimistic  projection.  5  hr 
discharge  rate.  1980-1985. 

43.2 

Wh/lb 

Probable  projection  1980-1985. 

53.6 

Wh/lb 

Optimistic  projection  1985-1990. 

47.3 

Wh/lb 

Probable  projection  1985-1990. 

59.1 

Wh/lb 

Optimistic  projection  1990-2000. 

50.5 

Wh/lb 

Probable  projection  1990-2000. 

54.5 

W/lb 

Electric  vehicle  battery.  To 

80%  DOD.  Optimistic  projection 
1980-1985. 

43.2 

W/lb 

Probable  projection  1980-1985. 

61.4 

W/lb 

Optimistic  projection  1985-1990. 

52.3 

W/lb 

Probable  projection  1985-1990. 

68.2 

W/lb 

Optimistic  projection  1990-2000. 

54.5 

W/lb 

Probable  projection  1990-2000. 

KJ 


B.  114  40.9  Wh/lb 


Goal.  1978  EV  battery  module. 
To  80%  DOD. 

Goal.  1980  EV  battery  module 


54.5  Wh/lb 
54.5  to  68.2  Wh/lb 
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Goal.  1983  EV  battery  module 
for  vehicle  demonstration. 


Energy  Conversion  System:  Zn/Clj  (Zinc /Chlorine)  Battery 
Parameter:  Weight  (Cont.) 


Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


B.  114  68.2  Wh/lb 

81.8  Wh/lb 
22.7  W/lb 

36.4  W/lb 

45.5  W/lb 


Assumed  1990  EV  battery 
specific  energy. 

Assumed  2000  EV  battery 
specific  energy. 

Goal.  1978  EV  battery  module. 
Sustained  specific  power. 

3  to  5  hour  rate. 

Goal.  1980  EV  battery  module. 

Goal.  1983  EV  battery  module 
for  vehicle  demonstration. 


45.5  W/lb 

54.5  W/lb 
54.5  W/lb 

68.2  W/lb 
68.2  W/lb 


Assumed  1990  EV  battery 
sustained  specific  power. 

Assumed  2000  EV  battery  sus¬ 
tained  specific  power. 

Goal.  1978  EV  battery  module. 
PK  specific  power.  15  to  20 
sec.  at  50%  DOD. 

Goal .  1980  EV  battery  module. 

Goal.  1983  EV  battery  module 
for  vehicle  demonstration. 


68.2  W/lb 


Assumed  peak  specific  power. 
1990  EV  battery. 


81.8  W/lb 


Assumed  peak  specific  power. 
2000  EV  battery. 
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Energy  Conversion  System:  Zn/Cl2  “  Battery 
Parameter:  Charge  and  Discharge  Time 


Energy  Conversion 

System  Reference  Parameter  Value 

Plant  or 
Experiment 
Size,  kWh 

Assumptions  of 
Advanced  State 
of  the  Art 

Allocated 

Reference 

Number 

Study,  Operating  Plant 
Goal  or  or  Experimental 
Target  Results 

or  Comments 

B.  7 

8  hour  charge 

4  hour  discharge 

4MWh 

B.  23 

l*t  hour  discharge 

50kWh 

EV 

B.  52 

8  hour  charge 

4  hour  discharge 

50 . 4kWh 

Design  study 

EV 

B.  109 

5  hour 

20000  kW 

Discharge  time. 
100  MWh  utility 
peak  shaving 
battery. 

5-7  hour 

20000  kW 

Charge  time 

B.  10 

3-5  hour 

Discharge  time. 
Electric  vehicle 
service.  To  80X 
D0D. 

B.  114 

3-5  hour 

Discharge  time. 
EV  battery. 

To  80Z  DOD. 
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Energy  Conversion  System:  Zn/Cl2-  Battery 
Parameter:  0  &  M  Cost  (1980  dollars) 


Plant  or  Assumptions  of 
Energy  Conversion  Experiment  Advanced  State 
System  Reference  Parameter  Value  Size,  kWh  of  the  Art 


DATA  SHEET 


Energy  Conversion  System:  Zn/CJj  -  Battery 
Parameter:  Acquisition  Cost 


Plant  or 

Energy  Conversion  Experiment 

System  Reference  Parameter  Value  Size.  kWh 

Allocated  Study,  Operating  Plant 

Reference  Goal  or  or  Experimental 

Number _ Target _ Results _ 


Assumptions  of 
Advanced  State 
of  the  Art 


or  Comments 


B.  1 

$100 /kWh 

+175/kW  auxiliary 

4MWh 

B.  7 

$35-40 /kWh 

4MWh 

Battery  alone 

Load  levelling 

$40-45/kWh 

60kWh 

Battery  alone 

EV 

B.  23 

$ 36-48/kWh 

50kWh 

EV 

$ 30/kWh 

+90 /kWh 

4MWh 

Battery  only 
Balance  of  plant 
Load  levelling 

B.  23 

$38. 50 /kWh 

50 . 4 kWh 

EV 

$33. 50 /kWh 

58  kWh 

Peak  shave 

module 

B.  52 

$41 /kWh 

50.4kWh 

FOB  selling 
price 

EV 

B.  109 

$3 3/kWh  plus 

$116/kW 

20000  kW 

Goal.  Installed 
cost .  100  MWH 
utility  peak 
shaving  plant. 

Energy  Conversion  System:  Zn/Clj  (Zinc/Chlorine)  Battery 
Parameter:  Acquisition  Cost  (Cont.) 


Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


B.  109 

$ 35/kWh  plus 

$113/kW 

20000  kW 

Estimated  Installed  cost. 

25000,  66  kWh  modules/yr 
production.  100  MWh  utility 
peak  shaving  plant. 

$57. 6/kWh 

20000  kW 

Estiaw»*ed  installed  cost  per 
kWh  at  $35 /kWh  and  $113/kW 

100  MWh  utility  peak  shaving 
plant . 

$42. 8/kWh 

20000  kW 

Alternative  estimated  installed 
cost  of  100  MWh  utility  peak 
shaving  plant. 

B.  114 

$1270/kWh 

Goal.  1978  EV  battery  module. 

$313/kWh 

Goal.  1980  EV  battery  module. 

$64 /k Wh 

Goal.  1983  EV  battery  module 
for  vehicle  demonstration. 

$64 /kWh 

Assumed  1990  EV  battery  cost. 

$51/kWh 

Assumed  2000  EV  battery  cost. 
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Energy  Conversion  System:  Zn/Cl2  ~  Battery 
Parameter:  Life-Time  (cycle  and/or  calendar) 


B.  23  >2000  cycles 

10  years 

B.  106  50  cycles 

15  cycles 

B.  109  2000  to  2500  cycles/10  yrs. 

500  cycles 
100  cycles 

B.  10  5  years 


Load  levelling 
size 

1980  DOE  goal 
electric  vehicle 
service. 

Experimental  electric 
vehicle  battery. 

Test  continuing. 

20,000  Utility  peak  shaving 

goal .  100  >*Wh 
capacity. 

1.7  kWh  prototype 

1.0  kWh  prototype 

Expected  lifetime. 
Electric  vehicle 
service. 
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Energy  Conversion  System:  Zn/Cl2  (Zinc /Chlorine)  Battery 

Parameter:  Lifetime  (Cont.) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 

B.  114  500  cycles  Goal.  1978  EV  battery 

module. 

1000  cycles  Goal.  1980  EV  battery 

module . 

1000  cycles  Goal.  1983  EV  battery  for 

vehicle  demonstration. 

1000  cycles  Assumed  1990  EV  battery 

lifetime. 

1200  cycles  Assumed  2000  EV  battery 

lifetime. 
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70% 
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Energy  Conversion  System: 

Ni/Fe  -  Battery 

Parameter : 

Efficiency 

Energy  Conversion 

System  Reference  Parameter  Value 

Plant  or 
Experiment 
Size,  kWh 

Assumptions  of 
Advanced  State 
of  the  Art 

Allocated 

Reference 

Number 

Study, 
Goal  or 
Target 

Operating  Plant 
or  Experimental 
Results 

or  Comments 

B.  7 

Projected 

60-70% 

55-70% 

B.  23 

>60% 

50% 

25  kWh 

(Westinghouse 

EV  battery  R&D) 

B.  86 

>60% 

>55% 

25  kWh 

at  3  hour  rate 

B.  95 

60% 

55% 

Demonstrated 
efficiency  as  of 
1977.  Electric 
vehicle  service. 

80%  DOD. 

At  1/3  capacity 
per  hour  rate.  Ex¬ 
perimental  status. 
1980  contract  goal. 

B.  96 

70% 

Experimental 
electric  vehicle 
battery. 

B.  106 

66% 

Experimental  Eagle- 
Picher  electric 
vehicle  battery. 

B.  110 

50  to  60% 

Typical.  Stationary 
application. 

B.  114 

70% 

Goal.  EV  battery. 

1977  through  1981. 

Assumed.  EV  battery. 
1985. 
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Energy  Conversion  System:  Ni/Fe  -  Battery 
Parameter:  Volume/Size  &  Footprint 


Plant  or 

Energy  Conversion  Experiment 

System  Reference  Parameter  Value  Size.  kWh 

Allocated  Study,  Operating  Plant 

Reference  Goal  or  or  Experimental 

Number _ Target _ Results _ _ 

Projected  Current 

110  Wh/dm3  85  Wh/dm3 

Target 

100  Wh/dm3  96  Wh/dm3 


Target 

135  Wh/dm3  100  Wh/dm3 


Assumptions  of 
Advanced  State 
of  the  Art _ 


or  Comments 


Westinghouse 
EV  R&D 

Westinghouse 
EV  R&D 
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Energy  Conversion  System:  Ni/Fe  -  Battery 
Parameter:  Weight  (or  specific  energy) 


Energy  Conversion 

System  Reference  Parameter  Value 

Plant  or 
Experiment 
Size.  kWh 

Assumptions  of 
Advanced  State 
of  the  Art 

Allocated 

Reference 

Number 

Study , 

Goal  or 
Target 

Operating  Plant 
or  Experimental 
Results 

or  Comments 

Projected 

B.  3 

60  Wh/kg 

44  Wh/kg 

B.  7 

60  Wh/kg 

44  Wh/kg 

B.  23 

Target 

60  Wh/kg 

50  Wh/kg 

25  kWh 

Westinghouse 

EV  R&D 

B.  86 

60  Wh/kg 

44  Wh/kg 

20  Wh/lb 

1977  goal.  EV 
battery.  100%  DOD. 

22.7  Wh/lb 

1979  goal 

27.3  Wh/lb 

1981  goal 

27.3  Wh/lb 

Assumed  1985 
specific  energy . 

9.1  W/lb 

1977  goal.  EV 
battery.  Sustained 
specific  power. 

3  to  5  hr.  rate. 

18.2  W/lb 

1979  goal 

22.7  W/lb 

1981  goal 

22.7  W/lb 

Assumed  1985 
specific  power. 
Sustained. 
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Energy  Conversion  System:  Ni/Fe  (Nickel/Iron)  Battery 


Parameter: 

Weight  (Cont.) 

Energy 

Conve  rs ion 
System  Ref. 

Parameter  Value 

Study  Operating  Plant 

Plant  Assumptions  of 

Size.  kW  Advanced  State  of  the  Art 

B.  10 

26.8  Wh/lb 

5  hr.  discharge  rate. 

34.1  Wh/lb 

Probable  projection 

1980  to  1985. 

29.1  Wh/lb 

Optimistic  projection 

1985  to  1990. 

38.6  Wh/lb 

Probable  projection 

1985  to  1990. 

31.8  Wh/lb 

Optimistic  projection 

1990  to  2000. 

59.1  W/lb 

Probable  projection 

1990  to  2000. 

46.4  W/lb 

Optimistic  projection. 

1980  to  1985.  80%  DOD. 

65  W/lb 

Probable  projection 

1980  to  1985. 

50.9  W/lb 

Optimistic  projection 

1985  to  1990. 

71.4  W/lb 

Probable  projection 

1985  to  1990. 

59.1  W/lb 

Optimistic  projection 

1990  to  2000. 

B.  95 


20  Wh/lb 


24  Wh/lb 
27.3  Wh/lb 

27.3  Wh/lb 
24  Wh/lb 


Demonstrated  specific  energy 
as  of  1977.  Electric  vehicle 
service.  80%  DOD.  Experimental 
status . 

1979  goal 

1980  contract  goal 

Demonstrated  cell  specific 
energy. 

Demonstrated  6-cell  module 
specific  energy. 


541 


Energy  Conversion  System:  Ni/Fe  (Nickel/Iron)  Battery 
Parameter:  Weight  (Cont.) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


B.  105 


36.4  W/lb 


Experimental  280  A-h  battery 
Specific  power  at  80%  DOD. 


50  W/lb 


Experimental  220  A-h  battery 
Specific  power  at  50%  DOD. 


36.4  W/lb 


Experimental  220  A-h  battery 
Specific  power  at  80%  DOD. 
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Energy  Conversion  System:  Ni/Fe  (Nickel/Iron)  Battery 
Parameter:  Weight  (Cont.) 


Energy 

Conversion  Parameter  Value 

System  Ref.  Study  Operating  Plant 

B.  114  59.1  W/lb 

59.1  W/lb 
90.9  W/lb 
90.9  W/lb 

B.  106  24.5  Wh/lb 

21.8  Wh//» 

50  W/lb 

46.8  W/# 

B.  10  27.3  Wh/lb 

25  Wh/lb 

31.8  W/lb 

27.3  Wh/lb 

36.4  Wh/lb 

29.5  Wh/lb 

29.1  Wh/lb 


Plant  Assumptions  of 

Si2e,  kW  Advanced  State  of  the  Art 

1977  goal.  EV  battery.  Peak 
specific  power.  15  to  20  sec. 
at  50%  DOD. 

1979  goal 
1981  goal 

Assumed  1985  peak  specific 
power. 

1980  DOE  goal.  Specific  energy 

at  3  hr.  discharge  rate.  Electric 
vehicle  service. 

Specific  energy.  Experiment 
of  electric  vehicle  battery. 

1980  DOE  goal.  Specific 
power  at  30  sec.  at  50%  DOD. 
Electric  vehicle  service. 

Experimental  electric  vehicle 
battery.  Specific  power. 

All  in  electric  vehicle  service. 
Optimistic  projection.  1980  to 
1985.  3  hr  discharge  rate. 

Probable  projection.  1980 
to  1985. 

Optimistic  projection  1985 
to  1990. 

Probable  projection  1985 
to  1990. 

Optimistic  projection 
1990  to  2000. 

Probable  projection 
1990  to  2000. 

Optimistic  projection. 

1980  to  1985. 
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Energy  Conversion  System:  Ni/Fe  (Nickel/Iron)  Battery 


Parameter : 

Energy 
Conversion 
System  Ref 

B.  96 

B.  103 

B.  104 


Weight  (Cont.) 


Parameter  Value  Plant  Assumptions  of 

Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


21.8  Wh/lb 

27.3  Wh/lb 

18.2  to  29.5  Wh/lb 

21.8  Wh/lb 

24.5  Wh/lb 

26.4  Wh/lb 

27.3  Wh/lb 

45.5  W/lb 

50  W/lb 

54.5  W/lb 

54.5  W/lb 

31.8  W/lb 

36.4  W/lb 

40.9  W/lb 
43.2  W/lb 


Experimental  specific  energy. 
Battery  module.  Electric 
vehicle  service. 

Goal.  Specific  energy. 

Projected  1985.  Specific 
energy.  USSR  electric 
vehicle  service. 

1979  DOE  goal.  Specific 
energy.  Electric  vehicle 
service. 

1980  DOE  goal 
1982  DOE  goal 
1984  DOE  goal 

1979  DOE  goal.  Specific 
power.  Electric  vehicle 
service.  20  sec.  at  50% 

DOD. 

1980  DOE  goal 
1982  DOE  goal 
1984  DOE  goal 

1979  DOE  goal.  Specific 
power.  Electric  vehicle 
service.  1/2  hour  rate. 

1980  DOE  goal 

1982  DOE  goal 

1984  DOE  goal 

Experimental  280  A-h 
electric  vehicle  battery. 
Peak  specific  power  for 
30  sec.  at  50%  DOD. 


B.  105 


50  W/lb 
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Energy  Conversion  System:  Ni/Fe  -  Battery 
Parameter:  Charge  &  Discharge  Time 


Energy  Conversion 
System  Reference 


Allocated 

Reference 

Number 


Parameter  Value 


Study,  Operating  Plant 
Goal  or  or  Experimental 
Target  Results 


Plant  or 
Experiment 
Size.  kWh 


Assumptions  of 
Advanced  State 
of  the  Art 


or  Comments 


Projected 

1.2  h 

Current 

2.2  h 

Discharge  time 

2-4  discharge 

6  h  charge 

25  kWh 

Westinghouse 

R&D 

2-4  discharge 

2  h 

25  kWh 

4-8  charge 

2  h 

4-8  hours 

Charge  time. 
Electric  vehicle 
service.  1980 
contract  goal. 
Experimental 
status . 

6  hours 

Charge  time. 

1979  goal. 

3  hours 

Charge  time. 
Demonstrated  1977 

2-4  hours 

Discharge  time. 
1980  contract 
goal •  80Z  DOD . 

At  1/3  capacity 
per  hour  rate. 

3  hours 

Discharge  time. 
1979  goal. 

2  hours 

Discharge  time. 
Demonstrated  1977 

Energy  Conversion  System:  Ni/Fe  (Nickel/Iron)  Battery 
Parameter:  Charge  and  Discharge  Times  (Cont.) 


Energy- 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Si2e,  kW  Advanced  State  of  the  Art 


B.  96 

6  hours 

Goal.  Charge  time.  Electric 
vehicle  service. 

3  hours 

Goal.  Discharge  time.  1/3 
capacity  per  hour  rate. 

B.  106 

3  hours 

Discharge  time.  Electric 
vehicle  battery.  To  80%  DOD 

B.  10 

3  to  5  hours 

Discharge  time.  Electric 
vehicle  service.  To  80%  DOD 

B.  114 

3  to  5  hours 

Discharge  time.  EV  battery. 

To  80%  DOD. 
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Energy  Conversion  System:  Ni/Fe  -  Battery 
Parameter:  Acquisition  Cost 


Plant  or 
Experiment 
Size.  kWh 

Allocated  Study,  Operating  Plant 

Reference  Goal  or  or  Experimental 

Number _ Target _ Results _ 


Energy  Conversion 

System  Reference  Parameter  Value 


Assumptions  of 
Advanced  State 
of  the  Art 


or  Comments 


B.  3 

$1300 /kWh 

B.  7 

$60-70 /kWh 

"Several  hundred 
dollars /kWh" 

B.  23 

$75- 110/kWh 

25  kWh 

Westinghouse 

R&D  (1979  goal) 

B.  86 

$76 /kWh 

$152/kWh 

25  kWh 

B.  95 

$60/kWh 

1980  contract  goal. 
Electric  vehicle 
service.  Experi¬ 
mental  status. 

$120/kWh 

1979  projected 
price  based  on 
pilot  manufactur¬ 
ing. 

B.  104 

$1305/kWh 

1979  DOE  goal. 
Electric  vehicle 
service.  50  batt/ 
yr/contractor. 

$544 /kWh 

1980  DOE  goal. 

100  batt/yr/ 
contractor. 

$381 /kWh 

1982  DOE  goal- 300 
batt/yr/contractor 

$326/kWh 

1984  DOE  goal. 

500  batt/yr/ 
contractor. 

Energy  Conversion  System:  Ni/Fe  (Nickel-Iron)  Battery 
Paraneter:  Acquisition  Cost  (Cont.) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study _ Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


®*  $152/kWh  1977  goal.  EV  battery. 

Greater  than  104  battery 
per  year  production. 

1979  goal 

1981  goal 

Assumed  1985  EV  battery 
cost  in  production  greater 
than  104  battery/yr. 


$89  to  $102/kWh 
$64  to  $76/kWh 
$64  to  $76/kWh 
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Energy  Conversion  System:  Ni/Fe  -  Battery 
Parameter:  Lifetime  (cycle  and/or  calendar) 


Plant  or  Assumptions  of 
Energy  Conversion  Experiment  Advanced  State 
System  Reference  Parameter  Value  Size.  kWh  of  the  Art 


Allocated 

Study,  Operating  Plant 

Reference 

Goal  or  or 

Experimental 

Number 

Target  Results 

or  Comments 

Projected 

B.  3 

>1000  cycles 

>800  cycles 

B.  7 

2000*  cycles 

1500*  cycles 

80%  DOD 
(depth  of  dis¬ 

charge) 

B.  23 

2000  cycles 

1600-1800  cycles 

25 

kWh 

60%  DOD 
(Westinghouse 

R&D) 

B.  86 

2000  cycles 

1500  cycles 

25 

kWh 

B.  95 

800  cycles 

1979  goal.  80%  DOD. 
Electric  vehicle 
service .  Experimental 

status. 

400  bycles 

Demonstrated  lifetime 
80%  DOD.  Cell  only. 

300  cycles 

Demonstrated  lifetime 
80%  DOD.  6  cell 
module. 

B.  96 

1500  cycles 

Goal.  Electric 
vehicle  service. 

B.  104 

800  cycles 

1979  DOE  goal. 
Electric  vehicle 

service. 

1500  cycles 

1980  DOE  goal. 

1800  cycles 

1982  DOE  goal. 

2000  cycles 

1984  DOE  goal. 

Energy  Conversion  System: Ni/Fe  (Nickel-Iron)  Battery 
Parameter:  Lifetime  (Cont.) 


Energy 
Conversion 
System  Ref. 

B.  106 

B.  110 

B.  114 


Parameter  Value  Plant  Assumptions  of 

Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


300  cycles 


360  cycles 


2000  cycles 

1500  cycles 

1500  cycles 
1500  cycles 
2000  cycles 


1980  DOE  goal.  Electric 
vehicle  service.  Rated  to 
80%  DOD  with  end  of  life 
at  75%  retained  capacity. 

Experimental  electric  vehicle 
battery.  Tests  continuing 

Typical.  Stationary  duty. 

To  80%  DOD. 

1977  goal.  EV  battery.  To 
80%  DOD. 

1979  goal 

1981  goal 

Assumed  1985  EV  battery 
lifetime. 
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Energy  Conversion  System:  Lead  Acid  -  Battery 
Parameter:  Efficiency  (overall) 


B.  23  80% 

83% 

82% 

B.  27  83% 

B.  90  75% 

B.  91  64% 


80% 

71% 


10  MWh 

Design  study 

Gould 

10  MWh 

C  &  D  ' 

10  MWh 

ESB 

901tWh 

(Photovoltaic) 

(IS0A» Improved 

State  of  the  Art) 
Electric  vehicles 

High  rate  taper 
direct  current 
charge.  Electric 
vehicle  battery. 
63%  DOD.  300  AMP- 
hr.  battery. 

0.77  hr  charge. 
Contant  current 
charge .  300A-L 
battery.  64%  DOD 
1.33  hr  charge 

Postive  pulse 
charge .  300  A-L . 
battery  64%  DOD. 
1.35  hr  charge 


Energy  Conversion  System:  Lead  Acid-Battery 
Parameter:  Efficiency  (Cont.) 


Energy 

Conversion 


Parameter  Value 


Plant 


Assumptions  of 


System  Ref .  Study _ Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


B.  90 


B.  91 


B.  92 


B.  110 


B.  114 


Electric  vehicles 

High  rate  taper  direct  current 
charge.  Electric  vehicle  battery. 
63%  DOD.  300  Amp-hr  battery. 

0.77  hr  charge. 

Constant  current  charge.  300 
A-h  battery.  64%  DOD.  1.33  hr 
charge 

Positive  pulse  charge.  300  A-h 
battery.  64%  DOD. 1.28  hr  charge. 

Romanov  pulse  charge.  300  A-h 
battery.  64%  DOD. 1.35  hr  charge. 

McCulloch  pulse  charge.  300  A-h 
battery.  62%  DOD.  1.28  hr  charge 

Improved  state  of  the  art  electric 
vehicl  battery.  3  hr  discharge  rate 
and  8  hr  charge  rate.  80%  DOD. 

Typical.  Stationary  anplication. 

1977  goal.  EV  battery. 

1979  goal.  EV  battery. 

1981  goal.  EV  battery. 

Assumed  1985  EV  battery  efficiency. 
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Energy  Conversion  System:  Lead  Acid  -  Battery 
Parameter:  Volume/Size  and  Footprint 


Energy  Conversion 
System  Reference 


Parameter  Value 


Plant  or 
Experiment 
Size.  kWh 


Assumptions  of 
Advanced  State 
of  the  Art 


Allocated 

Study, 

Operating  Plant 

Reference 

Goal  or 

or  Experimental 

Number 

Target 

Results 

or  Comments 

78-81  Wh/dm3 

SLI 

60-120  Wh/dm3 

Motive  power 

35-50  Wh/dm3 

87  Wh/dm3 

Stationary  and 
Plante 

Sealed 

Projected 

90  Wh/dm 

79-87  Wh/dm3 

60  Wh/dm3 

Golf  cart 
size 

Photovoltaic 
(low  rate) 

Motive  Power 
ISOA 

0.295X0. 406X2. 64m 

20-30  kWh 
30-40  kWh 

lOMWh 

Projected  ISOA 
Projected  Advan 
ced 

Design  Study 

2. 44X0. 91X1. 22m 

(64,000*Ah) 

Gould 

0.55X0. 55X1. 43m 

( 10, 000* Ah) 
(10, 000* Ah) 

C  &  D 

ESB 

^Module  or  cell  size 

DATA  SHEET 

Energy  Conversion 

System:  Lead  Acid-Battery 

Parameter:  Weight 

(or  specific  energy) 

Energy  Conversion 
System  Reference 

Parameter  Value 

Plant  or 
Experiment 
Size,  kWh 

Assumptions  of 
Advanced  State 
of  the  Art 

Allocated 

Reference 

Number 


Study, 
Goal  or 
Target 


Operating  Plant 
or  Experimental 
Results 


or  Comments 


Projected 

50  Wh/kg  30  Wh/kg 

45-48  Wh/kg 

SLI 

18-33  Wh/kg 

Motive  Power 

17-20  Wh/kg 

Stationary 

33  Wh/kg 

Sealed 

25-42  Wh/kg 

Photovoltaic 
(Low  rate) 

50  Wh/kg  25-30  Wh/kg 

Golf  cart 
size 

Projected  ISOA 

40  Wh/kg 

20-30  kWh 

Projected  ISOA 

60  Wh/kg 

30-40  kWh 

Projected  Advan 
ced 

10  MWh 

Design  study 

5508  kg  (22.7  Wh/kg) 

(64 ,000*Ah) 

Gould 

1201  kg  (16.5  Wh/kg) 

( 10 ,000*Ah) 

C  &  D 

1020  kg  (19.6  Wh/kg) 

*  Module  or  cell  size 

(10, 000* Ah) 

ESB 

Energy  Conversion  System:  Lead  Acid-Battery 
Parameter:  Weight  (Cont.) 


Energy 
Conversion 
System  Ref. 

B.  89 

B.  90 
B.  92 


B.  93 


Parameter  Value  Plant 

Study  Operating  Plant  Size,  kW 

1056  lb. 

2024  lb. 

15  Wb/lb 

18.2  Wh/lb* 

70  W/lb 

81.7  W/lb 

81.8  W/lb 
112  W/lb 

11.6  Wh/lb 

13.3  Wh/lb 
15.0  Wh/lb 

17.0  Wh/lb 
67  W/lb 

19.3  Wh/lb 

555 


Assumptions  of 
Advanced  State  of  the  Art 

Flat  900  T.  Experimental 
Electric  Van. 

IVECO-UNIC  electric  van. 

Electric  vehicle. 

Improved  state-of-the-art 
electric  vehicle  batter. 

*Specific  energy  at  3  hr  dis¬ 
charge,  8  hr.  charge.  **Specific 
power  at  15  SCC  discharge  rate. 

80%  DOD. 

Specific  power.  Globe-Union 
standard  golf  cart,  deep  dis¬ 
charge  battery.  Instantenous . 

Specific  power.  Improved  golf 
cart  battery.  GC  2-19. 

Specific  power.  Elect tic  vehicle 
experimental  battery.  EV  4-19. 

Specific  power.  Experminetal 
electric  vehicle  battery.  EV  2-13. 

Specific  energy.  Globe-Union 
standard  golf  cart,  deep  discharge 
battery.  At  1/3  of  capacity  per 
hour  discharge  rate. 

Specific  energy.  Improved  golf 
cart  battery.  GC  2-19. 

Specific  energy.  Experimental 
electric  vehicle  battery. 

EV  4-19. 

Specific  energy.  Experimental 
electric  vehicle  battery.  EV  2-13 

Specific  power.  Experimental 
Globe-Union  imporved  state-of- 
the-art  electric  vehicle  battery. 

Specific  energy.  Experimental. 
Improved  state-of-the-art  electric 
vehicle  battery. 


Energy  Conversion  System:  Lead-Acid  Battery 
Parameter:  Weight  (Cont.) 


Energy 

Conversion  Parameter  Value  Plant 

Svstem  Ref.  Study  Operating  Plant  Size,  kW 


B.  99 


B.  101 


B.  104 


14  Wh/lb 


20.9  Wh/lb 


45.5  W/lb 


15.5  Wh/lb 


Assumptions  of 
Advanced  State  of  the  Art 


Deep  discharge  battery  for 
electric  vehicle.  Accessory 
service.  Specific  energy. 
Electric  vehicle  service. 
Specific  energy.  Specific 
power  at  peak. 

Electric  vehicle  service. 
Specific  energy.  Specific 
power  at  peak. 

1979  DOE  goal.  Specific  energy 
Electric  vehicle  service. 


19.1  Wh/lb 


1980  DOE  goal 


22.7  Wh/lb 
22.7  Wh/lb 
36.4  W/lb 


1982  DOE  goal . 

1984  DOE  goal 

1979  DOE  goal.  Specific  power. 
Electric  vehicel  service.  20 
seconds  at  50%  DOD. 


40.9  W/lb 
43.2  W/lb 
45.5  W/lb 

15.9  W/lb 


1980  DOE  goal 
1982  DOE  goal 
1984  DOE  goal 

1979  DOE  goal.  Specific  power. 
Electric  vehicle  service.  1/2 
hour  rate. 


B.  106 


18.2  W/lb 
20.5  W/lb 
22.7  W/lb 
19.1  Wh/lb 


18.6  Wh/lb 


1980  DOE  goal 

1982  DOE  goal 

1984  DOE  goal 

1980  DOE  electric  vehicle 
battery  goal.  3  hr  discharge 
rate  to  80%  DOD.  Specific 
energy. 

Experimental  electric  vehicle 
battery  .  Specific  energy. 


Energy  Conversion  System:  Lead-Acid  Battery 
Parameter:  Weight  (Cont.) 


Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


B.  10  45.5  W/lb 

43.2  W/lb 
50  W/lb 
44.5  W/lb 

B.  114  13.6  Wh/lb 

18.2  Wh/lb 

(jP  22.7  Wh/lb 

22.7  Wh/lb 

6.8  W/lb 

9.1  W/lb 
11.4  W/lb 

11.4  W/lb 

22.7  W/lb 

45.5  W/lb 

68.2  W/lb 

68.2  W/lb 


Optimistic  projection  1985 
to  1990. 

Probable  projection  1985 
to  1990. 

Optimistic  projection  1990 
to  2000. 

Probable  proejction  1990  to  2000. 

1977  goal.  EV  battery.  To  100% 

DOD.  3  to  5  hr.  rate. 

1979  goal 

1981  goal 

Assumed  1985  EV  battery.  Specific 
energy . 

1977  goal.  EV  battery.  Sustained 
specific  power.  3  to  5  hr.  rate. 

1979  goal 

1981  goal 

Assumed  1985  EV  battery. 

Sustained  specific  power. 

3  to  5  hr.  rate. 

1977  goal.  EV  battery  peak. 

Specific  power.  15  to  20  sec. 
rate,  at  50%  DOD. 

1979  goal 

1981  goal 

Assumed  1985  EV  battery  peak. 
Specific  power.  15  to  20  sec.  rate. 
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Energy  Conversion  System: 


Parameter : 

Energy 
Conve rsion 
System  Ref. 

B.  106 


B.  10 


Parameter  Value  Plant  Assumptions  of 

Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


50.5  W/lb 

1980  DOE  electric  vehicle  goal. 
Specific  power.  30  sec.  discharge 
at  50%  DOD. 

47.7  W/lb 

Experimental  electric  vehicle 
battery.  Specific  power. 

21.4  Wh/lb 

Electric  vehicle  service. 
Optimistic  projection.  1980  to 
1985.  3  hr.  rate. 

19.1  Wh/lb 

Probable  projection.  1980  to 

1985. 

23.6  Wh/lb 

Optimistic  projection  1985  to 
1990. 

20.9  Wh/lb 

Probable  projection  1985  to 

1990. 

25.9  Wh/lb 

Optimistic  projection  1990  to 
2000. 

22.3  Wh/lb 

Probable  projection  1990  to 

2000. 

24.5  Wh/lb 

Optimistic  projection  1980  to 
1985.  5  hr.  rate. 

21 . 8  Wh/lb 

Probable  projection  1980  to 

1985. 

26.8  Wh/lb 

Optimistic  projection  1985  to 
1990. 

24.1  Wh/lb 

Probable  projection  1985  to  1990. 

29.5  Wh/lb 

Optimistic  projection  1990  to 
2000. 

25.5  Wh/lb 

Probable  projection  1990  to 

2000. 

34.1  W/lb 

Optimistic  projection.  1980  to 
1985.  At  80%  DOD. 

30  W/lb 

Probable  projection  1980  to  1985. 

DATA  SHEET 

Energy  Conversion  System:  Lead  Acid  -  Battery 
Parameter:  Charge  and  Discharge  Time  (*Nominal  rate) 


Energy  Conversion 
System  Reference 


Parameter  Value 


Plant  or 
Experiment 
Size.  kWh 


Assumptions  of 
Advanced  State 
of  the  Art 


Allocated 

Study, 

Operating  Plant 

Reference 

Goal  or 

or  Experimental 

Number 

Target 

Results 

or  Comments 

20  hours* 

SLI 

6  hours* 

Motive  power 

8  hours* 

20  hours* 

Stationary 
&  Plante 

Sealed 

500  hours* 

600  hours* 

8  hours* 

Photovoltaic 

Low  rate  Pb-Ca 
Photovoltaic 

Low  rate 
(pure  Pb) 

Medium  rate, 
photovoltaic 

2  hours 

Discharge 

Golf  cart  size 

Projected  motive 
power 

4-8  hours  Charge 

2-4  hours  Dishcarge 

Load  levelling 

Duty 

20-30  kWh 

30-40  kWh 

10  MWh 

Projected  ISOA 
Projected  Adv¬ 
anced 

Design  Study 

Gould 

C  &  D 

ESB 

0.77  hr 

Charge  time. 
Electric  vehicle 
battery.  300  A-h 
battery.  High 
rate  direct  current 
charge.  63%  DOD. 

1.33  hr 

Charge  t ime .  300 

A-h  battery.  Con¬ 
stant  current 
charge.  64%  DOD. 

Energy  Conversion  System:  Lead  Acid-Battery 
Parameter :Charge/Discharge  Time  (Cont.) 


Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


1.28  hrs . 

Charge  time.  300  A-h  battery. 
Positive  pulse  charge.  64%  DOD. 

1.35  hrs. 

Charge  time.  300  A-h  battery. 
Romanov  pulse  charge.  64%  DOD. 

1.28  hrs . 

Charge  time.  300  A-h  battery. 
McColluch  pulse  charge. 

61%  DOD. 

B.  92 

3  hr  discharge/ 

8  hr  charge 

Improved  state-of-the-art 
electric  vehicle  battery. 

80%  DOD. 

E.  106 

3  hrs. 

Discharge  time.  Electric 
vehicle  battery.  To  80%  DOD 

B.  112 

5  hrs. 

Discharge  time.  Utility  load 
leveling  service. 

B.  113 

3  to  5  hrs. 

Discharge  time.  Electric  vehicle 
service.  80%  DOD. 

B.  114 

3  to  5  hrs. 

Discharge  time.  EV  battery. 

To  80%  DOD. 

B.  Ill 

12  hrs. 

Discharge  time.  Lead  Calcium 
battery. 

Energy  Conversion  System:  Lead -Ac Id  Battery 

Parameter:  O&M 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 

_4 

B.  90  (List  price  x  4  x  10  )c/mile 


Maintenance  costs.  Battery 
Electric  vehicle. 


DATA  SHEET 

Energy  Conversion  System:  Lead  Acid  -Battery 

Parameter:  Aquisition 

Cost  $/kWh 

Energy  Conversion 

System  Reference 

Parameter  Value 

Plant  or 
Experiment 
Size,  kWh 

Assumptions  of 
Advanced  State 
of  the  Art 

Allocated 

Study, 

Operating  Plant 

Reference 

Goal  or 

or  Experimental 

Number 

Target 

Results 

or  Comments 

m 

X. 


Projected 

93.00 


B.  7* 


140.00 


70.00 

70-77.00 

142-162 

112-130 

150-200** 

112-130 

122-130 

365 

135-175** 


165-225** 


*AI1  prices  are  based  on  $  1.32/kg  of  lead  (raid  1979) 
**Includes  battery  trays  and  interconnections 


Cil 


B.  23 


60.00 

48.00 


59.00 

(30.00  replacement) 
89.00 

(71.00  replacement) 
92-100. 

(71-78  replacement) 


20-30  kWh 
30-40  kWh 

10  MWh 


SLI  Pb-Sb 
SLI  Pb-Ca 
Diesel  Starting 
Motive  Pb-Sb 
Power  Pb-Ca 
Stationary  Pb-Sb 
Stationary  Pb-Ca 
Plante  (pure  Pb) 
Photovoltaic 
Low  rate  Pb-Ca 
Photovoltaic 
Low  rate  (pure 
Pb) 

Photovoltaic  Med. 

rate  Pb-Ca 
Sealed  Pb-Ca 


(projected) ISOA 
(projected)Ad- 
vanced 
Design  study 


Gould 


C  &  D 


Energy  Conversion  System:  Lead  Acid-Battery 


Parameter : 

Energy 
Conversion 
System  Ref 

B.  90 

B.  92 

B.  101 
B.  104 


B.  112 

B.  10 


B.  114 


Acquisition  Cost  (Cont.) 


Parameter  Value  Plant  Assumptions  of 

Study  Operating  Plant  Sire,  kW  Advanced  State  of  the  Art 


$71/kWh 
$1. 08/lb 
$50 /kWh 

$4 2 /kWh 
$109 /kWh 

$109 /kWh 

$8 7 /kWh 

$65/kWh 

$63. 5/kWh 
$445/kWh 

$109/kWh 

$57. 6/kWh 


$63. 5/kWh 
963.5/kWh 
$63. 5/kWh 
$50. 8/kWh 


Electric  vehicle.  Cost  to 
vehicle  manufacturer. 
Manufacturing  cost 

Improved  state-of-the-art 
electric  vehicel  battery. 

80%  DOD. 

Electric  vehicle  service. 

1979  EOE  cost  gaol  at  200 
batteries /year  per  contractor 
(1980  $) .  Electric  vehicle 
service . 

1980  DOE  cost  goal  at  400  batt./ 
yr/con tractor . 

1982  DOE  cost  goal  at  1100 
bat t/yr. /con tractor. 

1984  DOE  cost  goal  at  2000 
bat t/yr ./contractor. 

Utility  load  leveling  service. 


Improved  state-of-the-art 
battery  for  electric  vehicle 
service.  Expected  1982  cost. 

Improved  state-of-the-art  battery 
for  electric  vehicle  service. 
Eventual  cost  as  development 
proceeds . 

1977  goal.  EV  battery. 

104  bat  t/yr. 

1979  goal.  EV  battery. 

104  batt/yr. 

1981  goal.  EV  battery. 

104  batt/yr. 

Assumed  1985  EV  battery 
installed  cost. 


563 


DATA  SHEET 


Energy  Conversion  System:  Lead  Acid  -  Battery 
Parameter:  Life-time  (cycle  and/or  calendar) 


Energy  Conversion 

System  Reference  Parameter  Value 

Plant  or 
Experiment 
Size,  kWh 

Assumptions  of 
Advanced  State 
of  the  Art 

Allocated 

Reference 

Number 

Study, 

Goal  or 
Target 

Operating  Plant 
or  Experimental 
Results 

or  Comments 

B.  3 

Projected 

700  cycles 

>1000  cycle 

years  cycles  (deep) 

2-5 

150-250 

SLI  Pb-Sb 

2-5 

20-50 

SLI  Pb-Ca 

5-15 

1000-2000 

Motive  power 

Pb-Sb 

10-20 

750-1500 

Motive  power 

B  7 

Pb-Ca 

15 

250-500 

Stationary  Pb-Sb 

15-24 

100-500 

Stationary  Pb-Ca 

24-30 

250-500 

Plante  (pure  Pb) 

10-20 

350 

Photovoltaic 

Pb-Ca 

5-15 

_ 

Photovoltaic 

(pure  Pb) 

2-5 

100-200 

Sealed,  Pb-Ca 

B.  7 

Projected 

Current 

1S0A 

1000 

300-700 

(improved  state  of 

the  art) 

SOO 

EV  size 

Projected  ISOA 

1000 

-n-  Advanced 

B.  23 

years  cycles 

10  KWh 

Load  levelling 

Design  Study 

7  1750 

Gould 

10  2500 

C  &  D 

10  2500 

ESB  (Inco) 

14-16  yrs. 

Standby  Pb-56 

B.  40 

20-25  yrs. 

Standby  PB-Ca 

Energy  Conversion  System:  Lead-Acid  Battery 


i 


Parameter:  Lifetime  (Cont.) 


I 

f 

* 

3 

S 

] 

! 


r 


Energy 
Conversion 
System  Ref. 

Parameter  Value 
.  Study  Operating  Plant 

Plant 
Size,  kW 

Assumptions  of 

Advanced  State  of  the  Art 

B.  89 

17360  miles 

Flat  900  T  experimental 
electric  van. 

B.  90 

300  cycles 

80%  DOD,  3  hr  rate.  Electric 
vehicle . 

B.  92 

800  cycles 

Improved  state-of-the-art. 

3  hr  discharge. 

B.  101 

1000  cycles 

8  hr  charge.  Electric  vehicle. 

80%  DOD. 

B.  104 

300  cycles 

1979  DOE  goal.  Electric  vehicle 
service. 

300  cycles 

1980  DOE  goal. 

500  cycles 

1982  DOF.  goal. 

750  cycles 

1984  DOE  goal. 

B.  106 

400  cycles 

270  cycles 

1980  DOE  goal.  Electric  vehicle 
service. 

Experimental  electric  vehicle 
battery.  Tests  continuing. 

B.  110 

500  cycles 

Typical.  Stationary  applications. 
To  80%  DOD. 

B.  112 

14  years 

Utility  load  leveling  service. 

5  hr.  discharge  time. 

B.  10 

500-800  cycles 

Projected  lifetime  in  electric 
vehicle  service.  Year  1981. 
Improved  state-of-the-art  battery 

1000  cycles 

Goal.  Advanced  battery.  Electric 
vehicle  service. 

B.  114 

700  cycles 

1977  goal.  EV  battery.  To  80%  DOD. 

800  cycles 

1979  goal. 

1000  cycles 

1981  goal. 

1000  cycles 

Assumed  1985  lifetime.  EV  battery. 
To  80%  DOD. 

B.  Ill 

Six  years 

Lead-Calcium  battery. 

area 


*-*- v  v 
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Energy  Conversion  System:  Zn/Brj  -Battery 
Parameter:  Efficiency 


Energy  Conversion 
System  Reference 


Parameter  Value 


Plant  or 
Experiment 
Size.  kWh 


Assumptions  of 
Advanced  State 
of  the  Art 


Allocated  Study,  Operating  Plant 

Reference  Goal  or  or  Experimental 


Number 


Target 


Results 


or  Comments 


B.  7  -v75% 


70-763!  overall 

lOOMWh 

Development 

80-87%  voltaic 

(10-20  MW) 

(Feasibility 

stage) 

90%  cou  tc 

Modular 

Design  study 

65  to  70% 

Design  specifica¬ 
tion.  Electric 
vehicle  service. 

DATA  SHEET 

Energy  Conversion  System:  Zn/Br2  ~  Battery 

Parameter:  Volume/Size  and  Footprint 


Energy  Conversion 

System  Reference  Parameter  Value 

Plant  or 
Experiment 
Size,  kWh 

Assumptions  of 
Advanced  State 
of  the  Art 

Allocated 

Reference 

Number 

Study, 

Goal  or 
Target 

Operating  Plant 
or  Experimental 
Results 

or  Comments 

B.  83 

5.0  X  1.8  X  1 
per  module 

.5m 

400kWh  per 
module 
(lOOMWh) 

Development 
feasibility  stage 
Design  study 

DATA  SHEET 


Energy  Conversion  System:  Zn/Br2-  Battery 

Parameter:  Weight  (or  specific  energy) 


Plant  or 

Energy  Conversion  Experiment 

System  Reference  Parameter  Value  Size,  kWh 

Allocated  Study,  Operating  Plant 

Reference  Goal  or  or  Experimental 

Number _ Target _ Results _ 


B.  7  60Wh/kg 

B.  100  29.6  to  31.8  Wh/lb 


36.4  to  45.5  W/lb 


568 


■W  '•-v'  v  1 


Assumptions  of 
Advanced  State 
of  the  Art 


or  Comments 


Estimate 

Design  specifica¬ 
tion.  Specific 
energy.  Electric 
vehicle  service. 

Design  specifica¬ 
tion.  Specific 
power . 


DATA  SHEET 


Energy  Conversion  System:  Zn/Br2  -  Battery 

Parameter:  Charge  and  Discharge  Time 


Energy  Conversion 
System  Reference 


Allocated 

Reference 

Number 


Parameter  Value 

Study,  Operating  Plant 
Goal  or  or  Experimental 
Target  Results 


Plant  or 
Experiment 
Size,  kWh 


Assumptions  of 
Advanced  State 
of  the  Art  _ 


or  Comments 


B.  83 


5-10h 


lOOMWh 


Development 

feasibility 

state 

Design  study 


DATA  SHEET 


Energy  Conversion  System:  Zn/Br2  -  Battery 
Parameter:  Acquisition  Cost  (1980  dollars) 


Plant  or 
Experiment 
Size,  kWh 

Allocated  Study,  Operating  Plant 

Reference  Goal  or  or  Experimental 

Number _ Target _ Results _ 


Energy  Conversion 

System  Reference  Parameter  Value 


B.  7  $2 1-42/kWh  - 

B.  83  $55- 75/kWh  lOOMWh 

(modular) 

B.  100  $30  to  40/kWh 


Assumptions  of 
Advanced  State 
of  the  Art 


or  Comments 


Estimate 


Development 
feasibility 
stage 

Design  study 

Estimated  assenfcly 
line  production. 

Cost  to  I  EM  in  large 
volumes .  Electric 
vehicle  service. 
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Energy  Conversion  System:  Na/S  -  Battery 

Parameter:  Efficiency 


Energy  Conversion 

System  Reference 

Parameter  Value 

Plant  or 
Experiment 
Size.  kWh 

Assumptions  of 
Advanced  State 
of  the  Art 

Allocated 

Reference 

Number 

Study,  Operating  Plant 
Goal  or  or  Experimental 
Target  Results 

or  Comments 

B.  7 

75-90% 

60-80% 

5h  rate 

B.  26 

76.8%  (new) 

75.2  (after 

2500  cycles) 

100  Mill 

Study 

B.  47 


85% 


Utilization  of 
active  materials 
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Energy  Conversion  System:  Na/S  -  Battery 
Parameter:  Volume/Size  and  Footprint 


Energy  Conversion 

System  Reference  Parameter  Value 


Plant  or 
Experiment 
Size,  kWh 


Allocated  Study,  Operating  Plant 
Reference  Goal  or  or  Experimental 
Number _  Target _ Results _ _ 


Assumptions  of 
Advanced  State 
of  the  Art 


or  Comments 


B.  26  Height  0.68m-0.64ffi* 

Length  1 . 60m- 1 . 60m* 
Width  0.42-0. 48ltt* 
Volume  0.46m3 -0.49m3* 
*  Center  sulfur  electrode 

B.  47  200  Wh/dm3 


50  kWh  100  MWh 

module  Design  study 


Current  state 
of  the  art 


DATA 


Energy  Conversion  System:  Na/S  -  Battery 
Parameter:  Weight  (or  specific  energy) 


Energy  Conversion 
System  Reference 


Parameter  Value 


Allocated 

Reference 

Number 


Study, 
Goal  or 
Target 


Operating  Plant 
or  Experimental 
Results 


90  Wh/kg 


B.  82 


109  Wh/kg 


B.  26  506-578  kg* 

(99-86.5*  Wh/kg) 

B.  10  47.7  Wh/lb 


40.9  Wh/lb 

54.5  Wh/lb 
49.1  W/lb 

55.5  Wh/lb 


47.7  Wh/lb 


*8ulfur  electrode  inside  B-alumlna  tube 


Plant  or  Assumptions  of 
Experiment  Advanced  State 
Size.  kWh  of  the  Art 


or  Comments 


(208  Wh)  Development 

single  cell 

100  MWh  Design  study 

50  kWh  per 
module 

Utility  or  electric 
vehicle  battery.  3  hr. 
discharge  rate.  1985 
1990.  Optimistic 
pro j ect ion . 

Probable  projection 
1985  to  1990. 

Optimistic  projection 
1990  to  2000. 

Probable  projection 
1990  to  2000. 

Utility  or  electric 
vehicle  battery.  5  hr. 
discharge  rate.  1985 
to  1990.  Optimistic 
projection. 

Probable  projection 
1985  to  1990. 


Energy  Conversion  System:  Na/S  (Sodium/Sulfur)  Battery 
Parameter:  Weight  (Cont.) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size.  kW  Advanced  State  of  the  Art 


63.6  Wu/lb 

Optimistic  projection  1985 
to  1990. 

56.8  Wh/lb 

Probable  projection  1990 
to  2000. 

54.5  W/lb 

Utility  or  electric  vehicle 
battery.  To  80t  DOD.  Optimistic 
projection  1985  to  1990. 

45.5  W/lb 

Probable  projection  1985-1990. 

63.6  W/lb 

Optimistic  projection  1990-2000. 

54.5  W/lb 

Probable  projection  1990-2000. 

DATA  SHEET 


Energy  Conversion  System:  Na/S  -  Battery 
Parameter:  Acquisition  Cost  (1980  dollars) 


Plant  or 

Energy  Conversion  Experiment 

System  Reference  Parameter  Value  Size,  kWh 

Allocated  Study,  Operating  Plant 

Reference  Goal  or  or  Experimental 

Number _ Target _ Results _ 

Projected 

B.  2  $94-1 18 /kWh 

B.  3  $ 50/kWh  $2000/kWh 

B.  7  $48 /kWh 


Assumptions  of 
Advanced  State 
of  the  Art 


or  Comments 


B.  23 

$  100 /kWh 

Load  levelling 

size 

$18-2 6* /kWh 

100  MWh 

Cell 

Current 

only 

State 

B.  26 

$35-48* /kWh 

100  MWh 

Module 

Of 

only 

The 

$49-63*/kWh 

100  MWh 

Total 

Art 

plant 

including 
civil  engin- 

♦sulfur 

electrode  in  center 

eering 

1 


DM  180/kWh 


13.6  MWh 


DATA  SHEET 


Energy  Conversion  System:  Na/S  -  Battery 
Parameter:  Life-Time  (cycle  and/or  calendar) 


Energy  Conversion 
System  Reference 


Allocated 

Reference 

Nun&er 


Parameter  Value 

Study,  Operating  Plant 
Goal  or  or  Experimental 
Target  Results 


Plant  or 
Experiment 
Site.  kWh 


Projected 

>1000  cycles  200  cycles 


Assumptions  of 
Advanced  State 
of  the  Art 


or  Comments 


2000+ 


200* 

1000** 


* (glass  capillary) 
** (B-alumina) 


B.  82 


Single  cell 
Development 


B.  26 


B.  36 


2500  cycles 
10  years 


10,000 


lOOMWh 


Design  study 


Small  cell  exp. 


B.  10 


400  cycles 


Routinely  achieved 
in  single  cells 
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Energy  Conversion  System:  REDOX,  Cr/Fe  -  Battery 

Parameter:  Efficiency 

Assumptions  of 
Advanced  State 
of  the  Art 

or  Comments 


Energy  Conversion 
System  Reference 


Parameter  Value 


Plant  or 
Experiment 
Size,  kWh 


Allocated 

Reference 

Number 


Study, 
Goal  or 
Target 


Operating  Plant 
or  Experimental 
Results 


B.  7 

60-70% 

Min  150kWh 

Development 

stage 

B.  107 

81% 

Experimental  battery 

B.  108 

70-80% 

Experimental  battery 

— 
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Energy  Conversion  System:  REDOX,  Cr/Fe  -  Battery 
Parameter:  Volume/Size  and  Footprint 


Energy  Conversion 


System  Reference 


Parameter  Value 


Plant  or  Assumptions  of 
Experiment  Advanced  State 
Size,  kWh  of  the  Art 


Allocated  Study,  Operating  Plant 

Reference  Goal  or  or  Experimental 


Number 


Target 


Results 


or  Comments 


B.  7  0.17m3*  lOkW  *cell  stack  only 

(+28  +  28m3 
for  two  tanks) 
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Energy  Conversion  System:  REDOX,  Cr/Fe  -  Battery 
Parameter:  Acquisition  Cost  (1980  dollars) 


Plant  or 

Energy  Conversion  Experiment 

System  Reference  Parameter  Value  Size,  kWh 

Allocated  Study,  Operating  Plant 

Reference  Goal  or  or  Experimental 

Humber _ Target _ Results  _ 


Assumptions  of 
Advanced  State 
of  the  Art 


or  Comments 


B.  7  $28-30/kWh  10-400kWh  Development  stage 

B.  23  $ 72/kWh  SOOkWh  (10kW) 

B.  107  $72. 2/kWh  10kW  Solar  PV  application. 

SOQ  hr.  rate.  Current 
materials  prices. 
Current  manufacturing 
process.  Current 
stack  component 
costs.  As  installed. 

$26. 1/kWh  lOkW  Solar  electrical 

storage.  500kWh 
capacity.  Based  on 
Improved  processes 
for  chromium  chloride 
production  and  existing 
techniques  for  water 
electrodialysis  unity 
and  fuel  cell  systems. 
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Energy  Conversion  System:  REDOX,  Cr/Fe  -  Battery 

Parameter:  Charge  and  Discharge  Time 


Plant  or 

Energy  Conversion  Experiment 

System  Reference  Parameter  Value  Size.  kWh 

Allocated  Study,  Operating  Plant 

Reference  Goal  or  or  Experimental 

Number _ Target _ Results  _ 


Assumptions  of 
Advanced  State 
of  the  Art _ 


or  Comments 


B.  7  4-5  hours  400Wh  Development  stage 

but  depends 
on  tank  size 
in  addition  to 
discharge  and 
charge  rates 


B.  107 


50  hr. 


10  kW 


Solar  FV  application 
Discharge  time. 


e7fBr 

*  ^ 


,  n  * 

i 

lV 
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Energy  Conversion  System:  REDOX,  Cr/Fe  -  Battery 
Parameter:  Life-Time  (cycle  and/or  calendar) 


Plant  or 

Energy  Conversion  Experiment 

System  Reference  Parameter  Value  Size.  kWh 

Allocated  Study,  Operating  Plant 

Reference  Goal  or  or  Experimental 

Number _ Target _ Results _ _ _ _ _ 


B .  7  25-30  years  Min  150kWh 

B.  107  20  years 


B.  108 


3000  cycles 


25  to  30  years 


Assumptions  of 
Advanced  State 
of  the  Art 


or  Comments 


Development 

stage 

Very  long  lived  mem¬ 
brane.  Inherently 
simple  system. 

Experimental  battery. 
Capable  of  9QZ  DOD. 
Lifetime  experiment 
cont inuing 


DATA  SHEET 

Energy  Conversion  System:  Li/Al/FeS^  -  Battery 
Parameter:  Efficiency 


I 


Energy  Conversion 

System  Reference 

Parameter  Value 

Plant  or 
Experiment 
Size.  kWh 

Assumptions  of 
Advanced  State 
of  the  Art 

Allocated 

Reference 

Number 

Study, 
Goal  or 
Target 

Operating  Plant 
or  Experimental 
Results 

or  Comments 

B.  7 

75% 

70-80% 

Initially 

decreasing 

B.  29 

79 . 5%-84 . 3% 

(EV) 

Development 

B.  84 

B.  85 

(ini tally 
decreasing) 

size 

stage 

DATA  SHEET 


Energy  Conversion  System:  Li-Al/FeSx  -  Battery 
Parameter:  Volume/Size  and  Footprint 


Plant  or 

Energy  Conversion  Experiment 

System  Reference  Parameter  Value  Size,  kWh 

Allocated  Study,  Operating  Plant 

Reference  Goal  or  or  Experimental 

Number _ Target _ Results _ 


B,  7  300Wh/dm3  99  Wh/dm3  Load  levelling 

B.  23  100-300Wh/dm3  EV  size 

375  Wh/dm3 (long 
range  projection) 


Assumptions  of 
Advanced  State 
of  the  Art 


or  Comments 


(cell  only) 


240  (cell  only) 
100  (battery) 


EV  size 


Mark  1A 
(1979) 


DATA  SHEET 


Energy  Conversion  System:  Li-Al/FeSx 
Parameter:  Weight  (or  specific  energy) 


Plant  or 

Energy  Conversion  Experiment 

System  Reference  Parameter  Value  Size.  kWh 

Allocated  Study,  Operating  Plant 

Reference  Goal  or  or  Experimental 

Number _ Target _ Results _ _ 


B.  3 

150Wh/kg  lOOWh/kg 

B.  23 

75-130Wh/kg 

155Wh/kg  (long 
range  projection) 

EV 

size 

B.  29 

80Wh/kg  40-115Wh/kg 

(cell) 

EV  size 

B.  84 

B.  85 

60Wh/kg  - 

(battery) 

Assumptions  of 
Advanced  State 
of  the  Art 


or  Comments 


Mark  1A 
(1979) 


/  * 


DATA  SHEET 

Energy  Conversion  System:  Li-Al/FeS^-  Battery 
Parameter:  Charge  and  Discharge  Time 


Energy  Conversion 

System  Reference 

Parameter  Value 

Plant  or 
Experiment 
Size.  kWh 

Assumptions  of 
Advanced  State 
of  the  Art 

Allocated 

Reference 

Number 

Study , 
Goal  or 
Target 

Operating  Plant 
or  Experimental 
Results 

or  Comments 

B.  7 

5-10h  charge 

Development 

3-14h  discharge 

stage 

B.  29 

4h 

4-5h 

B.  84 

4h 

4-5h 

B.  85 

4h 

4-5h 

V' 


DATA  SHEET 


I 

Energy  Conversion  System:  Li-Al/FeSx  -  Battery 
Parameter:  Acquisition  Cost 

i 


Energy  Conversion 

System  Reference  Parameter  Value 

Allocated  Study,  Operating  Plant 

Reference  Goal  or  or  Experimental 

Number _ Target _ Results _ 


Plant  or 
Experiment 
Size,  kWh 


Assumptions  of 
Advanced  State 
of  the  Art 


or  Comments 


V\ 

V- 

£ 


■ 

■o 


V 


B.  3 


B.  7 


B.  23 


B.  29 
B.  84 
B.  85 


$50 /kWh  >$2000/kWh 

$30-35 /kWh 
$50-60 /kWh 
$40-50/kWh 
$35-45/kWh 


$44. 60/kWh  (charged) 
$26. 10/kWh  (uncharged) 

$57. 60/kWh  (charged) 
$37. 70 /kWh  (uncharged) 

$59. 80 /kWh  (charged) 
$35. 90 /kWh  (uncharged) 


Load  levelling 
size 

Load  levelling 
size 

EV  size 

Load  levelling 
size 


Stationary 
Energy  storage 


EV  (FeS) 


EV  (FeS2) 


Battery  only 

Complete  plant 

EV  battery 

Including 
balance  of 
plant 

Cells  only 

Based  on  current 
state  of  art 

Based  on  current 
state  of  art 

Based  on  current 
state  of  art 
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Energy  Conversion  System:  Li-Al/FeSx  -  Battery 
Parameter:  Life-Time  (cycle  and/or  calendar) 


Plant  or 

Energy  Conversion  Experiment 

System  Reference  Parameter  Value  Si2e ,  kWh 

Allocated  Study,  Operating  Plant 

Reference  Goal  or  or  Experimental 

Humber _ Target _ Results _ _ _ 


B.  3 

B.  7 

B.  23 

B.  29 
B.  84 
B.  85 


>1000  cyles  250  cycles 
>1000  cycles 

300  cycles 

>3000  cycles 

400-1000  cycles 
1000  cycles 
3000  cycles 

1979 

Goal 

200  cycles  180-336  cycles 


: 


I 


Assumptions  of 
Advanced  State 
of  the  Art 


or  Comments 


EV 


Load  levelling 


EV 

EV  (Long  range) 
Load  levelling 


Development 

stage 


Energy  Conversion  System:  Ni/Zn  (Nickel /Zinc)  Battery 

Parameter:  Efficiency 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


B.  91 


52% 


B.  92  70% 


B.  97  60% 


B.  110  75% 


Electric  vehicle  battery. 
High  rate  taper  direct 
current  charge.  200  AMP-hr 
battery.  71%  DOD.  0.88  hr 
charge. 

Electric  vehicle  battery. 

3  hr  discharge  and  8  hr 
charge.  80%  DOD. 

Goal.  Electric  vehicle 
service.  Vibrating  negative 
electrode. 

Typical.  Stationary  appli¬ 
cations.  80%  DOD. 


B.  114 


60% 


1977  goal.  EV  battery. 


Energy  Conversion  System M/Zn  (Nickel/Zinc)  Battery 


Parameter: 

Weight 

Energy 
Conversion 
System  Ref. 

Parameter  Value 

Study  Operating  Plant 

Plant 
Size,  kW 

Assumptions  of 

Advanced  State  of  the  Art 

B.  92 

36.4  Wh/lb* 

Electric  vehicle  battery. 
♦Specific  energy  at  3  hr 
discharge  and  8  hr  charge. 
80%  DOD. 

68.2  W/lb** 

♦♦Specific  power  at  15  sec. 
discharge  rate. 

B.  97 

31.8  Wh 
lb 

Goal.  Electric  vehicle 
service.  1/3  capacity  per 
hour  discharge.  100%  DOD 
capacity  basis.  Specific 
energy.  Vibrating  negative 
electrode. 

56.8  W/lb 

Goal.  At  80%  DOD  condition. 
Five  sec.  duration.  Specific 
power . 

20.5  W/lb 

Goal.  Sustained.  Specific 
power  for  20  minutes  at 

50%  DOD  at  V3  capacity 
per  hour  discharge  rate. 

B.  101 

35  Wh/lb 

Electric  vehicle  service. 
Specific  energy. 

63.6  W/lb 

Specific  power  at  peak 
output 

B.  102 

18.2  to  27.3  Wh/lb 

Electric  vehicle  service. 

USSR  developed.  Specific 
energy.  Experimental 
batteries . 


31.8  to  36.4  Wh/lb  Projected  specific  energy 

B.  103  18.2  to  29.5  Wh/lb  USSR  Specific  energy  1985 

goal.  Electric  vehicle 
service . 

B.  104  27.3  Wh/lb  1979  DOE  goal.  Electric 

vehicle  service.  Specific 
energy . 


Energy  Conversion  System:  M/Zn  (Nickel/Zinc)  Battery 
Parameter:  Weight  (Cont.) 


Energy 
Conversion 
System  Ref. 

B.  104 


B.  105 


B.  106 


Parameter  Value  Plant  Assumptions  of 

Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


29.1  Wh/lb 

30.5  Wh/lb 
31.8  Wh/lb 
50  W/lb 

63.6  W/lb 
36.4  W/lb 

36.4  W/lb 
<40.9  W/lb 

43.2  W/lb 

63.6  W/lb 


54.5  W/lb 

59.1  W/lb 

47.7  W/lb 


29.1  Wh/lb 


29.5  Wh/lb 


1980  DOE  goal 
1982  DOE  goal 
1984  DOE  goal 

1979  DOE  goal.  Electric 
vehicle  service.  Specific 
power.  20  sec.  at  50%  DOD. 

1980  through  1984  DOE  goal. 

1979  DOE  goal.  Electric 
vehicle  service.  Specific 
power.  1/2  hour  rate. 

1980  DOE  goal 
1982  DOE  goal 
1984  DOE  goal 

Experimental  Gould  225  A-h 
electric  vehicle  battery. 
Specific  power  at  30  sec. 
duration.  50%  DOD. 

Experimental  Gould  225 
A-h  battery.  Specific 
power.  80%  DOD. 

Experimental  Gould  400  A-h 
electric  vehicel  battery. 
Specific  power.  50%  DOD. 

Experimental  Gould  400  A-h 
battery.  Specific  power. 

80%  DOD. 

1980  DOE  goal.  Specific 
energy  at  3  hr  discharge  rate. 
Electric  vehicle  service. 

Experimental  electric  vehicle 
battery.  Specific  energy. 


Energy  Conversion  System:  N1/Zn  (Nickel/Zinc)  Battery 
Parameter:  Weight  (Cont.) 


Energy 
Conversion 
System  Ref. 

Parameter  Value 

Study  Operating  Plant 

Plant 
Size.  kW 

Assumptions  of 

Advanced  State  of  the  Art 

B.  10 

61.4  W/lb 

Probable  projection 
1985-1990. 

79.5  W/lb 

Optimistic  projection 
1990-2000. 

63.6  W/lb 

Probable  projection 
1990-2000., 

B.  114 

31.8  Wh/lb 

1977  goal.  EV  battery. 

To  80%  DOD. 

31.8  Wh/lb 

1979  goal 

40.9  Wh/lb 

1981  goal 

40.9  Wh/lb 

Assumed  1985.  Specific 
eneryg.  EV  battery. 

9.1  W/lb 

1977  goal.  EV  battery. 
Sustained.  Specific 
power.  3  to  5  hr  rate. 

18.2  W/lb 

1979  goal 

22.7  W/lb 

1981  goal 

22.7  W/lb 

Assumed  1985.  Sustained. 

EV  battery.  Specific  power 

59.1  W/lb 

1977  goal.  EV  battery. 

Peak  specific  power 

15  to  20  sec.  at  50%  DOD. 

68.2  W/lb 

1979  goal 

90.9  W/lb 

1981  goal 

Assumed  1985.  EV  battery 
peak.  Specific  power. 


90.9  W/lb 
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Energy  Conversion  System:  Ni/Zn  (Nickel/Zinc)  Battery 
Parameter:  Weight  (Cont.) 


Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 


System  Ref. 


Operating  Plant 


Advanced  State  of  the  Art 


B.  106  50  W/lb 


1980  DOE  goal.  Electric 
vehicle  service.  Specific 
power.  30  sec.  at  50%  DOD. 


59.5  W/lb 


Experimental  electric  vehicle 
battery.  Specific  power. 


B.  10  34.5  Wh/lb 

31.8  Wh/lb 
38.6  Wh/lb 

34.5  Wh/lb 

41.8  Wh/lb 

36.4  Wh/lb 

36.8  Wh/lb 

33.6  Wh/lb 

41.4  Wh/lb 

36.4  Wh/lb 

43.6  Wh/lb 
39  Wh/lb 

63.6  W/lb 

56.8  W/lb 


Electric  vehicle  battery.  3  hr 
discharge  rate.  Optimistic 
projection  1980  to  1985. 

Probable  projection  1980  to  1985. 

Optimistic  projection  1985 
to  1990. 

Probable  prolection  1985 
to  1990. 

Optimistic  projection 
1990  to  2000. 

Probable  projection 
1990  to  2000. 

Electric  vehicle  battery. 

5  hr  discharge  ’•ate.  Optimistic 
projection.  1980  to  1985 

Probable  projection.  1980  to  1985. 

Optimistic  projection  1985-1990. 

Probable  projection  1985-1990. 

Optimistic  projection  1990-2000. 

Probable  projection  1990-2000. 

Electric  vehicle  battery. 

To  80%  DOD.  Optimistic 
projection.  1980  to  1985. 


72.7  W/lb 
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Probable  projection  1980-1985. 
Optimistic  projection  1985-1990. 


Energy  Conversion  System:  Ni/Zn  (Nickel/Zinc)  Battery 
Parameter:  Charge  and  Discharge  Time 


t 

i 

Energy 
Conversion 
System  Ref. 

B.  91 


B.  92 


B.  114 


B.  97 


B.  106 


Parameter  Value  Plant  Assumptions  of 

Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 

0.88  hr  Electric  vehicle  battery. 

High  rate  taper  direct 
current  charge.  200  AMP-hr 
battery.  71%  DOD. 

hr  discharge/ 

8  hr  charge  Electric  vehicle  battery. 

80%  DOD. 


to  5  hours 


to  8  hours 


hours 


Discharge  time.  EV  battery. 

To  80%  DOD. 

Goal.  Charge  time.  Electric 
vehicle  service.  Vibrating 
negative  electrode.  Discharge 
time. 

Discharge  time.  Electric 
vehicle  service.  To  80%  DOD. 


B.  10 


3  to  5  hours 


Discharge  time.  Electric 
vehicle  service.  To  80% 


t  ' 


© 


Energy  Conversion  System:  Ni/Zn  (Nickel 

Parameter:  Acquisition  Cost 

Energy 

Conversion  Parameter  Value 

System  Ref.  Study  Operating  Plant 


-Zinc)  Battery 


Plant 

Size,  kW  Advanced  State  of  the  Art 


Assumptions  of 


B.  92 


B.  97 


$75/kWh 


$ 75/kWh 


B.  101  $64 /kWh 

B.  104  $598/kWh 

$544 /kWh 
$504/kWh 
$2 72 /kWh 
B.  10  $109/kWh 

$60  to  $71/kWh 

B.  114  $89  to  $102 /kWh 
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Electric  vehicle  battery. 

3  hr  discharge  and  8  hr 
charge.  80%  DOD. 

Goal.  Electric  vehicle 
service.  10,000  units 
per  year  purchase.  Vibrating 
negative  electrode. 

Electric  vehicle  service 

1979  DOE  goal.  Electric 
vehicle  service.  40  batt/ 
yr/contractor. 

1980  DOE  goal.  100  batt/ 
yr/contractor 

1982  DOE  goal.  100  batt/ 
yr/contractor. 

1984  DOE  goal.  500  batt/ 
yr/contractor. 

Electric  vehicle  battery 
projected  price.  Low  produc¬ 
tion  volume. 

Electric  vehicle  battery. 
Mass  production  in  automated 
facilities.  Projection. 

1979  goal.  EV  battery. 
Production  of  more  than  101* 
battery  per  year. 


*  mM a 


Energy  Conversion  System:  Ni/Zn  (Nickel/Zinc)  Battery 
Parameter:  Lifetime 


Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Studv  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


B.  92  800  cycles 

B.  97  1000  cycles 

B.  101  500-600  cycles 

B.  104  100  cycles 

200  cycles 
300  cycles 
500  cycles 
B.  106  200  cycles 

160  cycles 

B.  110  400  cycles 

B.  10  200  to  300  cycles 

300  to  500  cycles 
B.  114  200  cycles 


Electric  vehicle  battery. 

3  hr  discharge  and  8  hr 
charge.  80%  D0D. 

Goal.  At  80%  DOD.  Electric 
vehicles  service.  Vibrating 
negative  electrode. 

Electric  vehicle  service. 
USSR  developed.  Projected 
lifetime . 

1979  DOE  goal.  Electric 
vehicle  service. 

1980  DOE  goal 

1982  DOE  goal 

1984  DOE  goal 

1980  DOE  goal.  Electric 
vehicle  service.  Basis 
80%  DOD.  End  of  life  at 
75%  retained  capacity. 

Achieved  test  continuing. 

Typical.  Stationary 
applications . 

Electric  vehicle  battery. 
1979  cycle  life. 

Projected  1982  electric 
vehicle  cycle  life. 

1977  goal.  EV  battery. 

To  80%  DOD 


500  cycles 
700  cycles 
700  cycles 


1979  goal 
1981  goal 

Assumed  1985  lifetime. 
EV  battery. 


Energy  Conversion  System:  Ni/Cd  (Nickel /Cadmium)  Battery 
Parameter:  Lifetime 


Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


B.  110  2000  Typical.  To  80%  DOD. 


I 


i 


Energy  Conversion  System:  Li/FeS  (Lithium/ Iron)  Battery 
Parameter:  Efficiency 


Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


Energy  Conversion  System:  Li/FeS  (Lithium/Iron  Sulfide) 
Parameter:  Weight 


Energy 

Conversion  Parameter  Value 

System  Ref.  Study  Operating 


Plant  Assumptions  of 

Plant  Size,  kW  Advanced  State  of  the  Art 


B.  10 


54.5  Wh/lb 


Electric  vehicle  battery. 
3  hr  discharge  rate. 
Optimistic  projection 
1985  to  1990 


50  Wh/lb 


Probable  projection 
1985-1990 


63.6  Wh/lb 


Optimistic  projection 
1990-2000 


54.5  Wh/lb 


Probable  projection 
1990-2000 


63.6  Wh/lb 


Electric  vehicle  battery. 
5  hour  discharge  rate. 
Optimistic  projection 
1985-1990. 


58.2  Wh/lb 


Probable  projection 
1985-1990 


70.5  Wh/lb 


Optimistic  projection 
1990-2000 


63.6  Wh/lb 


Probable  projection 
1990-2000 


56.8  Wh/lb 


Electric  vehicle  battery. 
Specific  power  at  80%  DOD. 
Optimistic  projection 
1985-1990 


52.3  W/lb 


Probable  projection 
1985-1990 


68.2  W/lb 


Optimistic  projection 
1990-2000 


59.1  W/lb 


Probable  projection 
1990-2000 
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59.1  Wh/lb 


1977  Experimental  EV  battery. 
Cell  only.  100%  DOD.  Argonne 
National  Laboratory. 


Energy  Conversion  System:  Li/FeS  (Lithium/Iron  Sulfide) 
Parameter:  Weight  (Cont.) 


Energy 

Conversion 


Parameter  Value 


Plant 


System  Ref.  Study 


Assumptions  of 


Operating  Plant  Site,  kW  Advanced  State  of  the  Art 
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34.1  Wh/lb 


34.1  Wh/lb 


45.5  Wh/lb 
59.1  Wh/lb 
65.9  to  72.7  Wh/lb 
65.9  Wh/lb 


79.5  Wh/lb 


34.1  W/lb 


54.5  W/lb 
72.7  W/lb 
90.9  W/lb 
90.9  W/lb 


109.1  W/lb 


1977  Experimental  EV 
battery.  Cell  only. 
Contractor  cell.  100%  DOD. 

Goal.  1979  EV  battery. 

100%  DOD. 

Goal.  1930  EV  battery. 

Goal.  1981  EV  battery. 

Goal.  1985  EV  battery. 

Assumed  1990  EV  battery. 
Specific  energy. 

Assumed  2000  EV  battery. 
Specific  energy. 

Goal  1979  EV  battery.  Peak 
specific  power.  15  to  20  sec. 
At  50%  DOD. 

Goal.  1980  EV  battery. 

Goal.  1981  EV  battery. 

Goal.  1985  EV  battery. 

Assumed  1990  EV  battery 
peak  specific  power. 

Assumed  2000  EV  battery 
peak  specific  power. 
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Energy  Conversion  System:  Li/FeS  (Llthlum/Iron  Sulfide) 

Parameter:  Charge  and  Discharge  Time 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


Energy  Conversion  System:  Ll/FeS  (Lithium/Iron  Sulfide) 


Parameter: 

Acquisition  Cost 

Energy 
Conversion 
System  Ref. 

Parameter  Value 

Study  Operating  Plant 

Plant 
Sire.  kW 

Assumptions  of 

Advanced  State  of  the  Art 

B.  10 

$65. 3/kWh 

Estimated  mass  production 
cost.  EV  battery. 

$64 /kWh 

Goal  1985  EV  battery. 

$64 /kWh 

Assumed  1990  EV  battery  cost 

$50. 8/kWh 

Assumed  2000  EV  battery  cost 

Energy  Conversion  System:  Li/FeS  (Lithium/Iron  Sulfide)  Battery 
Parameter:  Lifetime 


Energy 
Conversion 
System  Ref. 

Parameter  Value 

Study  Operating  Plant 

Plant 
Size.  kW 

Assumptions  of 
Advanced  State  of  the  Art 

B.  114 

300  cycles 

Goal.  1979  EV  battery. 

To  80Z  DOD. 

500  cycles 

Goal.  1980  EV  battery. 

700  cycles 

Goal.  1981  EV  battery. 

1000  cycles 

Goal.  1985  EV  battery. 

1000  cycles 

Assumed  lifetime.  1990 

EV  battery. 

1200  cycles 

Assumed  lifetime.  2000 

EV  battery. 

BATTERY  ENERGY  CONVERSION  SYSTEMS 
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PREsCNIEg*  a  general  discussion  of  battery /photovolt A  1C  POWER 
SYSTEM  INTERFACE  DECIGN  CONSIDERATIONS  IS  GIVEN*  A  DISCUSSION 
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HIGHLY  ELLCT  MUNI  CALLY  COMHlCIIVt  METAL  CLADDING  INTIMATELY 

attached  To  a  substantial  PORTION  OF  one  surface  of  THE  CERAMIC 

MEMbER  AND  ADAPTED  TO  DIRECT  CURRENT  FLO«  THROUGH  THE  CERAMIC 
MENDER  AND  TO  SHUNT  THE  CURRLNT  BETWEEN  THE  MCMBLR  AND  AN 
EATLNNAL  CONTACT*  The  DISCLOSED  CURRENT  COLLECTORS  ARE  IDEALLY 
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COLLECTDN/UjM  AiKuo  FOR  ELECTRICAL  CONVERSION  DEVICES  SUCH  AS 
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CERAMIC  IN  THE  DISCLOSED  CURRENT  COLLECTOR* 
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THt  Ll  AL/L  1C  L.ACLFFLS  M  1  <*i  -T  t  MPENA  TUNE  bATTEkY  IS  A  CANDIDATE 
F  LA*  OFF -PEAK  EKCWG*  STOWAGE  AND  FOP  ELECTRIC  VEHICLE 
M.<,PJLbloN.  A  MATHEMATICAL  MuDlL  IS  PRESENTED  WHICH  IE  ABLE  TO 
PRLOlLl  )Ht  OPERATIONAL  On  AN AC  TtkISTICS  OF  THE  CELL  AND  OBTAIN 
PLW  1  |  Nil*  I  INFORMATION  FOR  ITS  DESIGN  AND  OPTIMISATION.  MATERIAL 

balances  and  flux  eguatil*s.  bASto  on  the  macroscupIc  theory  oe 

POROUS  t  LELl NUDt S*  AWE  DERIVED  F uK  THE  BINARY  MOLTEN  SALT 
ELECTROLYTE.  ThLSl  EDUAllONS*  TOGETHER  WITH  OHM'S  LAW  AND 
mLlAT  IUK.'niIPS  FUR  ELECTRODE  kINLTICS,  ARt  USED  TO  DESCRIBE  T  Mfc 
T |Mt -DLPcNDtNT  AND  PUS 1 1 1UN -Dt PLNDEN I  BEmAVIOK  OF  THE  SYSTEM. 
Ttfc  MUDLL  LONL»IDL«S  A  WrtULt  PRISMATIC  CElL*  WHICH  CONSISTS  OF 
NLUAIIVt  ELECIRODL*  SEPARATOR*  ELECTROLYTE  RESERVOIR*  AND 
PUSlflVt  ELELfROUE.  PHYSICAL  PHENOMENA  DESCRIBED  ARE  OHMIC 
POT  t  NT  I AL  DR  CP  A NO  DIFFUSION  POTENTIAL  IN  THE  ELECTROLYTE. 
CHANGES  IN  P  CX  US  I T  Y  AtiD  ELECTROLYTE  COMPOSITION  DUE  TO 
C  LL  C  1  R  UC  ni_  m  1  cA  L  KtACUuNS,  LOCAL  REACTION  RATES*  AND  DIFFUSION* 
CCAnVcCl  Iun,  AND  MIURATION  OF  tLECTWULYTE*  |N  ADDITION.  THE 
analysis  includes  finite  matrix  conduct  i  vi  tus.  variable 
physical  prdpekIIcS.  and  the  possibility  of  specific 

SIMULTANtUUS  RLACT1UNS  IN  THE  POSITIVE  ELE  C  T  wOut •  THE 
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INITIAL  LLECIROLYT^  COMPOSITION.  CELL  TEMPERATURE.  AND  CURRENT 
OLNS1TY  ARE  FPESEnTED.  AND  FACTORS  THAT  CAN  LIMIT  CELL 
PERFORMANCE  A«t  IDcNTIFlLD.  TML  INFLUENCE  OF  A  PERIOD  OF 
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DENSITIES.  *V  FIGURES.  G  TAbLES. 
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FLAT-PLATE  ARRAY  F1CLU  In  ThF  bOhlD.  OVER  2RO.000  N  ON  P 
SILICON  PV  LLLLS  MILL  UE  CONlAlNEO  IN  THE  GL ASS-COvkRt U  ARRAY 
MUuULLS.  Y  FROM  Int  ARRAY  BILL  BE  SUPPLIED  Tu  SITE  LOADS 

AS  AC  PuaCR  ur  SluRLD  IN  A  LARGE  LEAu-CALCIUM  BATTERY.  ALTHOUGH 
MOST  GUIlOII.us  AT  THIS  REMOTE  LOMMUNI1Y  USE  LP  GAS  FUR  HEATING. 
I  Ft.  PV  SVSTEf.  bill  SUPPLY  ALL  HEATING  AND  COOLING  RtOUIRcKENlS 
FUN  A  CINIhAl  PV  building  from  SOLAR  PV  PObER.  The  para.  bITh 
ITS  OIVERSIFI.D  Mix  OF  LLMUS  AM)  ITS  L  AC  x  OF  PUBLIC  UTILITY 
pobEH.  is  typical  of  tens  of  thousanus  of  remote  settlements  ir 

Tf*.  BURLd  bhICh  PRESENTLY  MELY  UN  DIESEL -Pub  EMEO  GENERATORS  FOR 
ELECTRIC  PTIBlR.  UPON  COMPLETION  OF  The  PV  SYSTEM  late  in  1*79. 

1  ML  PREStNI  OILSEL  bill  oE  relegated  TO  A  BACKUP  RULE  AND  IS 
E  APEC  T  F  l  1U  SUPPLY  LESS  THAN  ISA  OF  THE  ANNUAL  ELECTRICAL 
LONSUMP1  IDF.  AT  THE  SITt. 

DESCRIPTORS  HUILuINgSI  T.J  lUNs  I  xUL  I  UN  iCUUL  ING  SYSTEMS  SUES  I GN:  UISHEA1ING 

SYSTEMSiLtAu-ALID  h  A I  TER  IhSIOPEKA  I  1UNIPFKI1  UVQlT  a  1C  PubER 
supplies:  TI.U2IPUBEH  RANGE  lu-lbb  ABIRemuTE  AREAS : S I L  1  CUR 

SOLAH  LtLLSIUTAH 
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SOC  uOa.'  7  j!-.7 

OMltkltG  ►UK  SOLAR  LLtCTfcltlTY 
JhN&tN.  J.  ;  PEHRAM.  L«l  DtU«  htM. 

OCt  NSC.  UNl  V  «  *  14.NNAH* 

Z*J  t.C.  PHolU VOLTAIC  SOLAH  ENERGY  CONFERENCE 
VAN  OVtK:TNALUN,  R.J.I  PALZ  «  «.  (CDS. 
t  UL - OA?-7^b?  — 


tic  *Oi'U 

|y<«  PHU1UVALTAIC  SOLAN  ENERGY  CONFERENCE 
VLSI  btRLlK.  F*R.  GtRMANV 
23  APR  IV7G 

U.  kCIOLL  PObLlSHlNC  CO.*  HlNGHAM.  MA 
IWV 

t De) ~  1  A  t  Sv  I  IsU) VO bJ 

£.  je-t  a  Cl  l- 1 

1 Ht  SMALL  SLNst  STORAGE  OF  SOLAN  ELtCTRICItY  IN  SITOAl IONS 
•rtKt  NO  MAINS  b  Ac  A -OK  SUPPLY  IS  AVAILABLE  Is  CONSIUtRtU*  A 
SYSTEMS  OP1 IMI2AIION  STUDY  Ok  |HC  SOLAR  CCLL/bATTCRV  INCLUDED 
AN  ANALYSIS  O  SOLAR  CELL  SIZE  RLLAltO  IU  CAPACITY  FO« 

GIVtN  INSOL* II  IM  PATTERNS  ANO  LOAO  CONSTHAINTS.  VARIOUS 
CAN  lil  OA  It.  MAIItKlLS  ARt  MLVlbVtU.  APART  Y  MOM  COST  THE  FOLLO«INi> 
PAN  A*4  Lit  Hb  Ant  GLNCKAlLV  IMPORTANT!  LOV  MAINTENANCE.  LONG 
LlFtllMt  ANO  LARGE  NUMHIN  OF  CYCLES*  HIGH  CH  AHGC/O I  SC  MARGC 
EFFICIENCY*  AND  GOOD  CHARGE  RETENTION.  sealed  lead-acid  ANO 
NlCftEL-CAUMIl*  BATTLMItS  ARC  THE  ONLY  OPTIONS  AT  PH  E  SEN? .  |N 
Ttt  MEDIUM  1  Em M  IT  IS  PUSS  IDLE  THAI  N|C*CL-Z  INC  AND 
L'lrtl  UN -ORGANIC  ELECTROLYTE  b AT  TEH  I E  S  VlLL  ALSO  HAVE  A  ROLE  TO 
PLAY.  IT  IS  CONCLUDED  THAT  IN  THE  LOMU  TERM  AN  ALL  SOL  10  STATE* 
MAINTENANCE  Hi  EE  LOR  COST  MATTERY  IS  NEEDED. 

CAP AC  I IV .COST*  ELECTRIC  bATTEHIES:  1 {ENERGY  STORAGE  SYSTEMS:  01 S 
LtAO-ACIU  MATTE* It* IMAlNIENANCt IN ICRtL-CAOMlUM  MATTER  ICS; 
OPTIMISATION  {PERFORMANCE  {PHOTOVOLTAIC  FO»EH  SUPPLIES:  111 
SERVICE  LIFE  I* SEE (SPECIFICATION* 
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ttcKCG^ I  7*3 

DEVfc  LUPM' NT  CF  FUEL  CELL  TECHNOLOGY  F OR  VtHl COL  AK  APPLICATIONS. 

ANNUAL  RtPUKT.  OCTUlltX  |,  1 0  77 -St  P 1  EMdEH  30.  I  V7b 

MCcKtts,  j.  ;  tayluw.  l.j.;  KuRutscn,  k.v.;  kissel,  g.  ;  kulesa, 

►  •  *  |  N  |  V  A  t»  K-i  •  S  • 

tx'DUKnAVt.K  NATIONAL  LAb.  .  UPTON.  NV  (  USA  » 

I  GO 

utP.  NT  lb.  PC  AOto/MF  AO  1  • 

CCMTHALT  EY-7B-C-02  -0016 
NAT  I  V7«> 

Ltb-jwii-oAUCOSO  1  1330300  ;  330a  OC  ;  2SG902  .2S0904 
EOb-Ji-OSu* 

»NL—  S  1  L  M  i 

A  *»LMVcV  UF  T«k  PRESENT  sT  AT  t  — Or  —  T  Hfc  —  ART  OF  FUEL  CELLS  AND 
BATT-KlL:.  SUITABLE  FOR  HYBRID  FUEL  CELL/BATTCRv  POWER  PLANTS  IS 
PWESfcMtu.  ALSO  GIVEN  Ah  l  A  sYSTtwS  STUDY  ON  PHOSPHORIC  ACIO 
full  llllS  fl^  Than  spur  T  at  I  on  APPLICATIONS  and  The  RESULTS  OF 
AN  EXPERIMENTAL  STuOv  OF  PHOSPHORIC  ACID  AND  ALNAlINE  FuEl 
ClLLS  UN'Lk  LONOITIONS  Ot  INTERMITTENT  OPERATION.  A  REVIEW  OF 
FULL  OPTIONS  AND  FULL  PROCESSING  FOR  FUEL  CELLS  IS  iNCLUOtO. 

C  WF.P.  > 

ac i u  electrolyte  fuel  cells; class  if ication;design;eff iciencv ; 

LLtCTRIC  bATILKlLsi  T  *  »U  j;  ELECT  R  1 1  -PQ  wEKc-b  VEHICLES:  T«fSFubL 
CELLS:  T  I  •  Wr  *wJi  FUE  L  tCU  r*JMY  i  FULL  SYS t CMS S r utLS (HYbR 1 3 
CLtCTR  lL-PU»trR  tb  VtHlCLtt:  T.>;RVUkbu^R  GENER  ATORS  JLC  AD-AC  10 
UAT  TsRlESiNI  CK  tL-ZlNt  b  A  TT  ER  1 1 S  SuP  T  I  M  1 l A  T  I  ON  ;  PERF  URM  ANCE  !  04  J 

rev  lews: suliu  electrolytes stlchnulogv  assessment:  gi 
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NiW  Rc.SUl.TS  Al  1H  NA/S  BATTERIES  ANU  ASPECTS  FOR  THEIR  PRACTICAL 

USL 

FISCHLR.  »•;  MEINnOLU*  Fi  . 

bRoWN.  t»u¥fc  K  i  UNO  ClL  A  •  g*  *  HfclOELBfcXG  (GERMANY.  F.R.). 

£  t.N  1  RALE  S  FltRSCHUNGSLAnOk 

teCATn.  .NtKO.  TkLM..  V.  24.  NO.  I.  PP .  I  “6 

FES  IV/V 

In  uERMA’. 

eub-isovu*  ;*t>ovo«* 

feDU-2S0V„* 

THE  ARTICLE  DESCRIBES  Tnt  LAYOUT  ANU  FUNCTION  OF  THE  NA/S  CELL 
AS  WCLL  AS  T  Hi  STATE  UF  THE  ART  AND  THE  PROBLEMS  WITH  REGARD  TO 
The  SUL  I  u  lllC  Troly  TL  .  T  KW:  SULFuh  ELECTRODE*  CORROSION.  SERVICE 
life.  ANL  T  mL  FABRICATION  of  A  TEST  BATTERY.  POSSIBLE  USES  OF 
BATTERIES  UF  THIS  MIND  AS  Dr|vES  FOR  ELEC TROVfcH 1C LE S  AND  FOR 
PLAk  SHAVING  IN  ELECTRICITY  NETWORKS  ARE  OlSCUSSLO. 
LATHOUtSlCURhOSIONJ ELECTRIC-POWERED  VEHICLES:  T2 iF ADR 1 CAT  I  ON J 
OFF-PLAN  ENERGY  STORAGE:  T 3 J PE WF ORMANC E S  O 1 S PERFORMANCE  TESTINGS 
SERVICE  LlFESSOOlUM-bULFiA  BATTERIES:  T I *02 *03 t SOLI D 
ELEC  TRULY  1 1 S  »U  SC  S 

cells:  T2;pl4nni ng; power  conditioning  circuits:  oiipower  range 
io-ioo  Kw;powtR  systems; propane .reformer  processes; 
specifications 
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80J00IG43V  1 

ANODIC  CORROSION  RATE  MEASUREMENTS  IN  LlCL-KCL  EUTECTIC.  2. 
RESULTS  ON  NICKEL*  MOLYBDENUM*  AND  STAINLESS  STEEL 

Raleigh*  d*o«;  white*  o* t*;  ugoen*  c*a. 

ROCKWELL  INI.  THOUSAND  OAKS.  LALIF 

J.  ELECTROCHEM*  SDC*.  V.  I2G.  NO*  7.  PP.  I0V3-10VV 
JU.  IQ7V 

EDb-2SGVG3;3oOIOS 

EOB-260V03 

LIThIUM-IRON  sulfide  molten  salt  battery. 

The  ANULIC  DISSOLUTION  CHARACTERISTICS  OF  NICKEL*  MOLYBDENUM* 
AND  304  ST  A  1 H.  ESS  STEEL  HAVE  BEEN  EXAMINED  IN  PURE  AND  LlSSUb 
2  AS— SA T  Un AT  ED  LICL-KCL  EUTECTIC  MELT.  MOLYBDENUM  AND  NICkEL 
SHOW  TAFCL-TYPL  DISSOLUTION  KINETICS  IN  PURE  EUTECTIC  WHICH 
PERMIT  ESTIMATES  OF  LONG-TERM  CORROSION  RATES  AS  A  FUNCTION  OF 
VOLTAGE*  NICKEL  EXHIBITS  A  SHARP  THRESHOLD  POTENTIAL  FOR 
DISSOLUTION  IN  L SSSUB  2SS— SATURATED  MELT*  FORMING  A 
NON PASS  I VT 1 NG  N1SSUB  3ASASUB  2»  LAYER*  COMPARATIVE  VOLTAMMETRY 
AND  UPEN-CIHCUlT  POTENTIAL  MEASUREMENTS  WITH  IRON  IN  THIS  MELT 
SUGGEST  THAI  CARE  MAY  BE  REQUIRED  IN  USING  NlCKtL  AS  AN  IRON 
SULFIDE  CURRENT  COLLECTOR*  THE  ANUDIC  DISSOLUTION  OF  304 
STAINLESS  STEEL  IN  LISSUb  2SS-SATURATED  MELT  APPEARS  TO  BE  RATE 
LIMITED  BY  DIFFUSION  THROUGH  A  REACTION  LAVER*  SHOWING  A  ITIMC) 
A  SUP  -S/SUP  1/2/DEPCNDENCE  THAI  MAY  BE  APPLICABLE  TO  LONG-TERM 
CGRROSIOK  PREDICTIONS* 

cathodes:  ciicGRROsive  effects:  us*Q6*o7;dissolution;electric 

POTENT  I AL5ELECTKUCHEMICAL  CORROSION:  G2«u3*04. ELEC  TROCHE M 1ST  RV  J 
eutectics; lithium  chlorides:  tsslithium  sulfides:  T7; 
LITHIUM-BULFIP  BATTERIES:  T I (MOLYBDENUM :  T3;NlCKEL:  Til 

potassium  chlorides:  te; stainless  steel-boa:  ta 
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eoc  oo  u>4*3 

OVERVIEW  OF  rCAR-TEHM  BATTERY  DEVELOPMENTS 
PAPER  7631 G I  IE  ) 

Y  AO.  N.P.5  LID  WIG*  F  •  A  •  I  HORNSTRA*  F* 

I  1 

ELECTRIC  VEHICLE  COUNCIL*  NEW  YORK*  NY 
IV76 

EDO— 2S0V01 
EDB-2S0  VO  I 

TUL  NEAR-GERM  BATTERY  EFFORT.  GEARED  TO  ELECTRIC  VEHICLE  IEV) 
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DEMONSTRATION  IN  l«6l  TO  !•»*»  STRESSES  COALS  REQUIRING 
IW*MOVkH£NTS  OVER  EXISTING  BAT  TER  I  IS  IN  PERFORMANCE •  CYCLE 
LIFE*  AND  COST*  ARGONNE  NATIONAL  LABORATORIES  IN  PERFORMANCE  * 
CYCLE  LlFfc*  AND  COST*  ARGONNE  NAT lONAL  LABORATORY  IS  MANAGING  A 
NUMBER  OF  DUE-SPONSOREO  BATTERY  R  ANO  O  SUBCONTRACTS 
I NICKEL /ZINC  *  LEAD- AC  IO*  ANO  NICkEL/IROn  SYSTEMS!  REQUIRING  THE 
SCHEOULED  DELIVERY  ANO  TESTING  AT  ARGONNE*  UNDER  UNIFORMLY 
APPLIED  CONDITIONS*  UF  SEVERAL  IMPROVCO  VERSIONS  OF  CELLS* 
NOODLES*  ANO  BATTERIES*  tACH  CONTRACT  CULMINATES  WITH  THE 
DLL (VERY  AND  TEST  OF  FIFTEEEN  BO—  TO  30-KWH  EV  BAITER  ICS  IN 
1*60  AND  IV6U  THE  NATIONAL  BATTERY  TEST  LABORATORY  INtJTL)  AT 
ARGONNE  INCLUDES  500-A  FULLY  AUTOMATED  TEST  STATIONS  WHICH  CAN 
INDEPENDENTLY  TEST  FULL-SIZE  EV  BATTERIES*  THE  TESTING 
CAPABILITIES  AND  TEST  RESULTS  AT  THE  NBIl  ARE  DISCUSSED* 

subcontract dr  m  and  o  efforts  to  oate  are  presented  and 

ANALYZED*  THE  CONFIDENCE  LEVEL  IN  ACHIEVING  PROGRAM  GOALS  IS 
HIGH*  3  FIGURES*  4  TABLES* 

OCSCRIPTWS  ELECTRIC  BATTERIES:  T 1 .021  ELECTRIC -POWERED  VEHICLES:  T2J 

IHON-NICKEL  BATTER I  ESI LEAD -AC 10  BATTER lCSlMlCKEL-2 INC  BATTERIES! 
RESLARCH  PROCRAMS*  01 |RE V I EWSS TEST  FACILITIES:  01 
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100MWH  ZINC -CHLORINE  PEAK-SHAVING  BATTERY  PLANTS 
WAMOE*  C.J.J  SYMONS*  P*C*I  WHITTLESEY*  C*C*S  CATHERINO*  H*A* 
GULF  AND  WEST  CO*  ENERGY  OEV  ASSOC*  MADISON  HEIGHTS*  MICH 
PROC**  INTERSOC*  ENERGY  CON VCRS*  ENG*  CONF *  *  V*  1 •  PP*  755-763 
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CQNF-7BOB0I— PI 

13*  INTERSOCIETY  ENERGY  CONVERSION  ENGINEERING  CONFERENCE 
SAN  DIEGO*  CA*  USA 
20  AUG  1*76 

a  *76 

C Ob— 250*01  S200  IOG 
EDO -2 50*0 | 

ENERGY  STORAGE  IN  COST-EFFECTIVE  HIGH— EFF ICI ENCY  BATTERY  PLANTS 
WUULD  PROVIDE  S*4  ATTRACTIVE  MEANS  FUR  Th£  ELECTR IC-Ul  IL 1 1 Y 
■  NDuSTR v  TO  CONSERVE  NATURAL  GAS  ANO  OIL*  THESE  PLANTS  SIZED  IN 
Trt  20-200MWH  RANGE  WOULD  BE  LOCATED  AT  SUBSTATIONS  IN  THE 
UTILITY  SUOTRANSMIgSION  UR  DISTRIBUTION  NETWORK*  ENERGY 
DEVELOPMENT  ASSOCIATES  HAS  PREPAhED  THREE  CONCEPTUAL  DESIGNS  OF 
A  I00MWH  Z  INC-CHLOR  1NE  BATTERY  PLANT  FOR  THIS  APPLICATION*  THE 
THREE  DESIGNS*  DESIGNATED  MARKS  2*  3*  AND  4*  WERE  ANALYZED  PROF. 
Tt*  STANDPOINTS  UF  COST*  EFFICIENCY*  LAND  USAGE*  SAFETY*  AND 
ENVIRONMENTAL  IMPACT*  MAMK  A*  BASEO  ON  THE  USE  OF  A  StoKWM 
BATTERY  NOODLE.  WAS  FOUND  TO  BE  OPTIMAL  IN  THE  AREAS  OF 
PERFORMANCE*  SAFETY*  AND  MANUFACTURABILITY*  WHILE  COMPARING 
FAVORABLY  IN  C0S1  ANO  RELIABILITY  TO  MARKS  2  ANO  3* 

COST  JOE  SIGN:  Q2!CFF ICICNCY! OFF -PEAK  ENERGY  STOnAUE:  Tl! 

OPT IMIZ All ON (POWER  RANGE  IO-IOG  MW SRCLtABILl VY* SAFETY i 
ZINC -CHLORINE  BATTERIES:  T2*D1 
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G0C00I64I* 

REVIEW  OF  INDUSTRIAL  PARTICIPATION  IN  THE  ANL  LlTHlUM/lHON 
SULFIDE  BATTERY  DEVELOPMENT  PROGRAM 

GAY*  E*C*t  MILLER*  W.E. J  MALECHA*  R*F.J  ELLIOTT*  R.C* 

ARGONNE  NATL  LAB*  ILL 

PROC**  INTERSOC*  ENERGY  COMVCRS*  ENG.  CONF  *  *  V*  I*  PP.  6*0 -GSR, 
CONF -76*  GO  I  — P  I 

13*  1N1LRSOCIETV  ENERGY  CONVERSION  ENGINEERING  CONFERENCE 
SAN  DIEGC*  CA*  USA 
20  AUG  IV7B 
1*76 

EDW— 250*01 
E0B-25v*gI 

LITHIUM/IRON  SULBIOi  BATTERIES  ARE  BEING  DEVELOPED  AT  ARGONNE 
NATIONAL  LABORATORY  I ANL I  FOR  USE  AS  POWER  SOURCES  FOR  ELECTRIC 
VEHICLES  ANO  FOR  STATIONARY  ENERGY  STORAGE  DEVICES  FUR  LOAD 
LEVELING*  AN  IMPORTANT  PART  UF  THE  BATTERY  PROGRAM  INVOLVES 
SUBCONTRACTS  WITH  VARIOUS  INDUSTRIAL  FIRMS*  THIS  PAPER 
DESCRIBES  The  NATURE  OF  THE  INDUSTRIAL  PARTICIPATION  IN  THC  ANL 
BATTERY  PROGRAM  AND  THE  PROGRESS  THAI  HAS  BEEN  MAOE  IN  THE 
DEVEL0PMEN1  ANO  FABRICATION  OF  INDUSTRIAL  CELLS*  IN  ORDER  10 
EVALUAIE  CELLS  FABRICATED  BY  INDUSTRIAL  SUBCONTRACTORS*  ANL  HAS 
USED  AUTOMATED  QUALIFICATION  TESTING*  PRtSCNT  CELL  DEVELOPMENT 
EFFORTS  ARC  OIRECTEO  TOWARD  IMPHUV ING  SPECIFIC  ENERGY  ANO  POWER 
IN  THE  FES  CELLS  AND  IMPROVING  CYCLE  LIFE  ANO  CURRENT  COLLECTOR 
DESIGN  IN  FESASUfe  26* 

ELECTR  1C -POWER  CO  VEHICLES!  T3JF  AoRICAT  IONJ  Q|  {LITHIUM— SULFUR 
BATTERIES:  T I*Q2*U3IMETAL-NUNMETAL  BA  TIER 1ESIOFF -PEAK  ENERGY 

storage:  T2< performance  testing:  qiiresearch  programs:  qi 


B-21 


ACCESSION  NO* 

title 
authors 
titleimom>» 
sec  REPT  NO 
PAGE  NO 
CONF  TITLE 
CONF  PLACE 
CONF  OATE 
PUWL  LOC 
DATE 

CATEGORIES 
PRIMARY  CAT 
ABSTMACT 


•  OC  001 1267 

CRITICAL  REVIEW  OF  BATTERY  CYCLE  LIFE  TESTING  METHUOS 
MAYER*  U*t* 

FIFTH  INTERNATIONAL  ELECTRIC  VEHICLE  SYMPOSIUM 
CONF— 7B|  006— 

1-6*  PAPER  763204 !1 > 

5*  SYMPOSIUM  ON  ELECTRIC  VEHICLE 
PHILADELPHIA*  PA*  USA 
2  OCT  1*76 

ELECTRIC  VEHICLE  COUNCIL*  NEW  YORK*  NY 
1*76 

COB -3 30 300 1260*02 
E OB -330 3*0 

TM  PAPER  COW* ARES  LEAO-ACIO  BATTERY  LABORATORY  CYCLE  LIFE 
TESTING  METHUOS  WITH  FIELD  TESTING  OF  SIMILAR  BATTERIES*  FIELD 
TESTING*  ALTHOUGH  MORE  REALISTIC*  TAKES  MORE  TIME!  FURTHER  ONLY 
FFC  SYSTEM  TEST  MAS  BEEN  STANDARDIZED  (SAC  U227AI*  NORMAL  ANO 
AMORMAL  MOOES  OF  BATTERY  FAILURE  IN  F|CLO  TESTS  ARC  OISCUSSCO. 
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LABORATORY  TESTING  can  bt  DONE  AT  A  TEMPERATURE  AMttlfcNl  •  OR  HOT 
OR  COLO  •  COLO  Tt  1.1  I  NO  SLUM  &  OOWN  NORMAL  PLATS  Ok  ILR  IUn  A  1  ION  BUT 
CAN  SHOW  UP  ^URTCOMIRGS  IN  BATTCRV  MATERIALS  ANU  ASSEMBLY 

technology •  kji  testing  has  been  reported  previously.  but  mooes 

OF  FAILURE  MUST  ME  CORRELATED  WITH  FIELD  FAILURE  MOOES.  AT  TO 
TO  VOASUP  0%*-  AMUILNT  TE  MPER  ATUHE  S.  1  Hk  EFFECTS  OF  CHARGING 
method  are  considered,  at  sgl.  a  test  system  is  composed  o* 

TYPICAL  BATTERY -CHARGER  COMBINATION.  »lln  ONLY  ThE  SIMULATION 
OF  THE  LUAO.  THE  EFFECT  OF  AVERAGE  DEPTH  OF  DISCHARGE  ON 
BATTERY  LIFE  OF  TYPICAL  SMALL  EV  (GOLF  CAR)  BATTERIES  IS 
DISCUSSED. 

DESCRIPTORS  ELECTRIC  BA'.  TER  I ES:  01 ‘.E  LECTRIC-PUwEMEU  VEHICLES:  T 1  (LEAD- AC  ID 

batteries:  te; performance  testing:  02 sheviemssservice  life:  g 2 


ACCESSION  NO* 
title 

AUtHURS 
AUTHOR  aff 
PUB  OE  SC 
DATE 

language 
CATEGORIES 
PRIMARY  CAT 
ABSTRACT 


DESCRIPTORS 


6GJ00I0673 

GAS-TIghI  WITH  RECOMDINAIION.  LEAD  BATTERIES  WITH  GAS 
COMBINATION  OVERCHARGED 
BnEOER.  B. 

S.A.F.T.  G  .M  •£  .H  •  .  OFFENBACH  AM  MAIN  I  GERMANY  .  F.R.) 
ELEKTROTtCHNI*  (WUEMIbURG).  V.  61.  NO.  A.  PP.  16-1V 
FEB  IV7V 
IN  GERMAN 

EUfe-ZSOVO/ 

EUB-2609G2 
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ELECTRONICS  FQR  THE  CURRENT  SUPPLY  OF  ELECTRONIC  EGulPMfc'Nl 
WHICH  WCXKS  WITH  GAS  COMBINATION  wITh  OVERCHARGING.  FUNCTIONING 
AND  CHARACTERISTICS  of  This  NCW  type  OF  ACCUMULATOR  ARE 
CONS  IOERLO  IN  THIS  CONTRIBUTION. 
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THIS  REPURT  REVIEWS  ThE  STATUS  OF  THt  DEPARTMENT  OF  ENERGY 

ptocHAM  t*  electrochemical  storage  systems  as  of  june  iv7b.  it 

IS  BASED  ON  MATERIAL  PRESENTLO  AT  THE  SECOND  ANNUAL  BATTERY  AND 
ELf.CTKGCm.Ml  CAL  TECHNOLOGY  CONFERENCE .  EMPrtASIS  IS  PLACED  ON 
SECONDARY  BATTERIES:  HOWEVER.  SELECT!. O  MECHANICALLY 
RECHARGEABLE  BATTERIES  ARE  INCLUDED.  BATTERIES  IN  THE  RESEARCH. 
DEVELOPMENT  AND  DEMONSTRATION  PHASES  ARE  INCLUDED:  NEAR  TERM  - 
lead-acid,  nickel/iron,  nickel/zinc:  advanced  -  LlTHlUM/METAL 

SULFIDE.  SODIUM/ SULFUR.  'I  I  NC/CMLUR  INE  I  RESEARCH  ANO  DEVELOPMENT 
-  METAL/AIR.  HYDROGEN/CHLORINE .  I  INC /BROMINE.  REDOX.  ORGANIC 
ELECTROLYTES.  SUPPORTING  RESEARCH  ON  T»«  MORPHOLOGY  OF  ACTIVE 
MATERIALS.  CELL  PERFORMANCE  MODEL  I ND.  NEW  BATTERY  MATERIALS. 

AM;  OTHER  TOPICS  ARE  INCLUDED.  STUDIES  RELATED  TO  ENERGY 
CONSERVATION  AND  ALTERNATIVE  PROCESSES  IN  ELECTROCHEMICAL 
INDUSTRY  are  REVIEWED.  1H  POTENTIAL  CONTH IbUT IONS  OF  THE 
BATTERY  PROGRAM  TO  THE  VARIOUS  DOE  MISSIONS  SUPPORTED  - 
ELECTRIC  VEHICLES.  PHOTOVOLTAIC  SYSTEMS.  DISTRIBUTED  ELECTRICAL 
ENERGY  SYSTEMS  AND  ENERGY  CONSERVATION  IN  INDUSTRY  -  ARE 
DISCUSSED.  43  FIGURES.  21  TABLES. 

ELECTRIC  BATTERIES:  T  I  .0  (ELECTRIC  -PUWEREO  VEHICLES! 
electrochemistry:  T2(Energv  conscm vat  ion; experimental  data: 
graphs:  p: ircm-nicxel  batteries:  giisulaied  values:  oilead-acio 
batteries:  dilithium-sulmjR  batteries:  dimaterials:  dimetal -gas 
batteries:  oinickel-zinc  batteries:  di performance:  diredox  fuel 
cells:  o  (research  programs:  at  .02  .di  sodium -sulfur  batteries:  d; 
theoretical  data ; us  doe: zinc -bromine  batteries:  dizinc -chlorine 
batteries:  d 
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THE  STRUCTURAL  COMPONENTS  OF  SOLAR  ELECTRIC  ENERGY  SUPPLIES. 

their  tasks  mu  functioning  are  described  and  a  method  for  the 
OPTIMUM  COSTS  AGREEMENT  GF  THE  STRUCTURAL  COMPONENTS  IN  ThE 
SYSTEMS  WITH  PRESCRIBED  PERMANENT  POWER  IS  DESCRIBED. 

CHARACTER I  ST  1C  VALUES  ANO  OPERATIONAL  INDICATIONS  ARE  GIVEN  FOR 
THE  MUST  1MPIKTANT  CONSTRUCTION  TYPES*  A  COSTS  ANALYSIS  SHOW 
THAT  SPECIAL  STORAGE  MUST  BE  DEVELOPED  FOR  SOLAR  ELECTRIC 
PLANTS  IN  ONLER  TO  LAY  T X  PATH  FOR  THIS  TECHNOLOGY  IN  ThC 
FUTURE. 

COSTlPATAIENtNGY  STORAGES  Ul (FEASIBILITY  STUDIES (LEAD-AC I D 
BAT T ER I E SIN 1CKCL -CADMIUM  BATTER IE SIPCRFOMMAMCC I  SOLAR  CELL 
AMAYS!  SOLAR  CELLS  I  SOLAR  POWER  PLANTS!  T  1 1  TECHNOLOGY 
UTILIZATION 
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•  CITING  ttEHAVlW  OP  MOLTEN -CHLORIDE  LLtC  TNOLYTE  SJ  CAPILLARITY 
EFFECTS  IN  LIThIUM-ALUMINUM/NETAL  5ULF IOL  6A  TT ERICS 
EbCRHART.  J.G. 

AftbUNNE  NATIONAL  LAW.  »  |L  (  USA  > 

A  I 

UtP.  Nils*  PC  A03/HF  AO l * 

CONTRACT  W-3I-I09-CNG-36 
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A  LITNIUM-ALIMINUM/ 1HUN  SULFIOE  BATTERY  WHICH  USES  A  MOLTEN 
LICL-ACL  ELECTNOLYTE  IS  PRESENTLY  UNDER  OE VE LOPMt N T  AT  ANGONNk 
NATIONAL  LANIJN  ATOftY*  THE  PERFONMANCE  AM>  LIFETIME  OF  THIS 
ELECTROCHEMICAL  SYSTEM  OtPENP.  IN  PAH T .  ON  THE  AblLllV  OF  THE 

electrolyte  id  wet  the  materials  used  as  electrodes, 
separators,  and  particle  retainers,  for  this  reason 

CONTACT -ANGLE  ME  a Sure  men  TS  WERE  MADE  ON  SMOOTH.  lOOft-OCNSE 
SURFACES  OF  THE  CELL  MATERIALS.  IN  AOOITION.  ELECTROLYTE 
PENETRABILITY  DETERMINATIONS  MERC  MADE  ON  THE  POROUS  MATER UlS 
ACTUALLY  USCO  AS  CELL  SEPARATORS  A NO  PARTICLE  RETAlNCRS.  THf 
RESULTS  OF-  1ft  SC  MEASUREMENTS  leu  to  TEChNIGUEs  FOK  CORPlCTClt 
FILLING  POROUS  CELL  CGMPUNkNTS  WITH  ElECTHULYTe.  SUGGESTIONS 
FUR  DEALING  WITH  THL  PROBLEM  OF  CLCCThOLVTE  CREEPING.  ESTI*A1£S 
OF  1HC  UlKELlHUOD  OF  ELECTROLYTE  TRANSFER  FROM  (Pit  POROUS 
COMPONENT  TU  AtAJlNLH.  AND  ESTIMATION  OF  THE  MAXIMUM  ALLOWABLE 
YER I  I  CAL  CELL  DIMENSIONS.  15  FIGURES.  I  TABLE. 
aluminium:  ti*  «o; aluminium  alloys:  t* *o; aluminium  oxides:  tv.d; 

BAT1ERY  SEPARATORS! BINARY  ALLOY  S VSTt MS l BORON  NiTRlOtS:  TF  *D  « 
CAPILLARY  FLUW  SCARbClN:  T  lO.D.CRtcP  SOI  FFUS  I  UN  S  Dl  MENS  IONS  ! 
EufcCTKIC-PU»LRLD  VEHICLES:  T  I  ;  LLLCTRULYTES:  G3.D.  E  AP£h  |Mfc  n  ?  Al. 

oata:  DiGRAPHS:  o;high  temperature:  durum:  tis»o;ihok 
sulfides:  tg.u  .lithium  alloys:  ts.oslithium  chlorides;l i thium 
sulfiues:  T ic. o; lithium-sulfur  batteries:  T3.gi.gc.d;magn£SIu» 
0>IDES:  17.DSMATER1 ALSJ OFF -PEAK  ENERGY  STORAGE:  T2 SPERMt At lL 1 1 Y ; 
POTASSIUM  ChLORI  UES  1ST  A  INLESS  STEEL-JO*:  TI3.USWC1TAMLITV  ; 

U*. GS.GS. G7.G5  .UV.OIO.OI  I.OI*.UI3.  GIA  .Gib.  UlS.DJYTTH  iur  ox  lots : 

Ti2.o;2 iwcon ium  oxides:  tii.d 
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SUOl UP  — SULFUR  BATTERY  SUPPORTING  ft  AND  OZ  AN  EVALUATION  OF  AN 

alternative  el ec Truly te  and  battery  price.  final  report. 

JANUARY  I V77— JUNE  1976 
WICKER.  A.  5  FORPON.  J.P. 

CCJMP  AON  It  GtFCRALE  l>*ELECTR  ICI  TE  I CGE  )  •  VI  *  MARCOUSSlS  (FRANCE! 
I  AC 

OEP .  NT  IS.  PL  A07/MF  AO  1 • 

JUL  |«7V 

E0B-2SU9DI  S2SU90  J 
EDO -250 VO I 
CPHI  %  I  G 

mis  PROJtCT  HAS  IMS  BROAD  ObJECTIVtS  Of  DEVELOP  I  HI.  HAItRIALS 
•«  ASSESSING  COSTS  Of  THE  SODIUM-SULFUR  BATTERY.  DURING  THIS 
PHASE  Elf  THE  PROJECT  COSTS  Of  1.0  CELL  DESIGN  ALTERNATIVES  WERE 
CCMPARLO  •  A  FEv  ELECTROLYTE  NAS  INVESTIGATED.  AND  ELECTROLYTE 
TUbCS  NEHE  f  ABIC  A  TED  AND  DELIVERED  TO  EPRI.  THE  f  Ab  I  CAT  1 HG  OF 
ELACTNULYTt  TUBES  IS  NOT  COVERED  IN  THE  NEWlRT.  THE  FIRST  MAJOR 
OBJECTIVE  Of  This  STUDY  NAS  TO  EVALUATE  PERFORMANCE  AND  COST  Of 
SUOIUM-SULFUK  CELLS.  1HESE  CLLLS  USE  A  BETA  ALUMINA  ELECTROLYTE 
lUbt  to  SEPARATE  THE  ACTIVE  MATERIALS.  SODIUM  AND  SULFUR.  IN 
ONE  DESIGN  APPROACH  SULFUR  IS  CUNT  AIMED  INSIDE  THE  ELECTROLYTE 
TUBE  ANU  SODIUM  SURROUNDS  THE  TUBE.  IN  THE  OTHER  APPROACH  THE 
LOCATION  OF  SULFUR  AND  SODIUM  ARE  REVERSED.  THE  STUDY  EVALUATES 
THE  FORMER  AfPMUACH  AND  COMPARES  THE  RESULTS  WITH  AN  EARLIER 
STUDY  INP72b-ll  IN  WHICH  THE  LATTER  APPROACH  IS  EVALUATED. 
CELLS.  MODULES.  AND  UNITS  FOR  A  IDO  MwH  LOAD-LEVEL ING  BATTERY 
WERE  DESIGNED  AND  COSTS  WERE  ESTIMATED  ON  THE  BASIS  OF 
PRODUCT  ION  OF  25  UNITS/YEAR.  PARTICULAR  ATTENTION  WAS  PAID  TO 
RELIABILITY.  SAFETY.  AND  HEAT  TRANSFER  AND  RECOVERY.  EFFICIENCY 
WILL  BE  A  MINIMUM  OF  7B.2S.  INSTALLED  COST  WILL  BE  SS3  <1*7.1 
/KWH .  AS  COMPARED  WITH  SAI  ITGTbl/KWH  THE  SULFUR  OUTSIDE 
CONFIGURATION  CASE.  THE  SECOMJ  MAJOR  OBJECTIVE  WAS  TO  EVALUATE 
TrC  FABRICATION  PROCESS  AND  PROPERTIES  OF  THL  Ntw  SOLID 
ELECTROLYTE  NASsUo  JS2HSSUB  2»SI»SUb  2SPOFSUb  I2»  INASICONI. 
HELIUM  LEAK-TIGHT  TUBES  WITH  A  RESISTIVITY  OF  ABOUT  S  »0«Efc*» 

CM  AT  3 005 SUP  0*C  WERE  MAUL.  SINTERING  OCCURS  AT  I200SSUP  DJC. 
WITHOUT  ANY  BUFFERING  ATMOSPrCRt.  A  PHASE  TRANSFORRaTION.  AT 
2B0SSUP  OSC.  OlO  NOT  ALLOW  THE  MANUFACTURING  OF  AN 
ELECTROCHEMICAL  CELL  THAT  LOULD  STAND  THERMAL  SHOCKS.  The  HIGH 
COST  OF  RAW  MATERIALS  SEEMED  TO  CANCEL  THE  BENEFIT  OF  LOW-COST 
SINTERING.  AT  FIGURES.  17  TABLES. 

ALUNINIUM  UKIOCSICUSTI  GI.DIOESIGn:  G I  SEFF  IC  IENCT  S  OS 
electrolytes:  us  .di  t  valuaT  ions  graphs:  oi rater  ialsioff-peak 
EfCRGV  SIOPAGt  :  T2S PERFORMANCES  USPLANNING l RESEARCH  PROGRAMS: 
SINTERINGSSODI  UN  OK  lOtSSSUDIUM-SULflN  BATTERIES:  71,02, OS 
tables:  dstheoretical  data:  d 
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FROM  STORAGE J  DIRECT  HEATING  AND  STORAGE  SIMULTANEOUSLY; 
AUXILIARY  HEATING  i  I  N&UF  F  I  C  I  ENT  SULAk ) ;  RANAlNL  COOLING  FKtQM 

collectors;  rank inc  cooling  from  storage;  ranaine  cooling  and 
storage  simultaneously;  electric  motor  auxiliary  cooling; 
domestic  hot-mater  pheheater;  and  purge  excess  ENERGY  (FIRST 
STAGE  LAUNDRY.  SECOND  STAGE  fan  COIL  I •  OPERATION  AND 
PERFORMANCE  Ur  THE  SYSTEM  ARE  DISCUSSED. 

DESCRIPTORS  APARTMENT  BUILDINGS:  II (DATA  AC OO I  SI T  ION ; F LA T  PLATE  COLLECTORS; 

HtAT  pumps;heat  storage  ;  xansas  (opera t  ion  .performance  :  ocv3.v<.; 
RAN  A  1  NE'  CYCLE  engines:  US  (  S  I  i-E  •  SOLAR  AIR  CONDITIONERS:  T21SOLAR 
AIR  CONDITION!**#:  OliSOLAR  HLAT  ENGINES;  SOLAR  HEATING  SYSTEMS: 

T3;solar  space  heating:  oi  isocar  water  heaters:  t**;sular  water 
heating:  ui ; solar -assisted  heat  pomps:tanas 
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abstract  it*  lead-acio  cuupll  is  potentially  capable  of  fulfilling  the 

BATTERY  REQUIREMENT  FOR  HIGH  PERFORMANCE  ELECTRIC  DELIVERY 
VEHICLES  IN  Trtt  ONE  TON  PAYLOAD  CATEGORY .  DEVELOPMENT  OF  SUCH  A 
BATTERY.  COMulNING  HIGH  ENERGY  DENSITY  ANO  GOOD  CYCLE  LIFE. 
INVOLVES  EXTENSIVt  AND  PAINSTAKING  TESTING.  DURING  THE  COURSE 
OF  THE  LUCAS  DEVELOPMENT  PROGRAM  TEST  METHODS  AND  PROCEDURES 
HAVE  BEEN  EVOLVEO  TO  ENSURE  THAT  THE  BATTERY  ARRAY  WITH  ITS 
SUPPORTING  EQUIPMENT  IS  CAPABLE  OF  FULLY  PERFORMING  THE  TASKS 
REQUIRED  OF  IT  IN  SUCH  AN  APPLICATION.  MUCH  OF  THL  EXPERIENCE 
GAINED  IS  APH.ICABCE  TO  ANY  ELECTROCHEMICAL  COUPLE  BEING 

DEVELOPED  for  electric  vehicle  USE.  A  REFS. 

DESCRIPTORS  ELECTRIC -POWER  ED  VEHICLES:  T  I  (  LEAD  -AC  1 D  BAT  T  ER  IE  S:  T*.QI( 

SERVICE  LIFE (TESTING:  u2 
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HIGH-PERFORMANCE  BATTERIES  FUR  ELLCtR 1C— VEHICLE  PROPULSION  AND 
STATIONARY  E  Ft  ROY  STORAGE.  PROGRESS  REPORT.  OCTOBER 
I97B-MARCH  1979 

ARGONNE  NATIONAL  LAB..  IL  4  USA) 
lt>l 

OEP.  NT  I*.  Pc  AOb/MF  AO). 
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THIS  REPORT  COVERS  THE  RESEARCH.  DEVELOPMENT.  ANO  MANAGEMENT 
ACTIVITIES  OF  THE  PROGRAMS  AT  ARGONNE  NATIONAL  LABORATORY  I ANL I 
A  FA)  AT  SUBCONTRACTORS*  LABORATORIES  ON  H  IGH— TEMPER  AT  UR  £ 
BATTERIES  DURING  THE  PERIOD  OCTOBER  I V /to  TO  MARCH  |979.  THESE 
BATTERIES  ARE  BEING  DEVELOPED  FOR  ELECTRIC-VEHICLE  PROPULSION 
ANO  FOR  STATIOFaAMY  ENCkG Y-STORAGE  APPLICATIONS.  THE  PRESENT 
CELLS*  WHICH  OPERATE  AT  400  TO  SOOSSUP  0»C  •  ARE  OF  A  VERTICALLY 
ORIENTED.  PRISMATIC  DESl  1*1  WITH  ONE  UR  MORE  INNER  POSITIVE 
ELECTRODES  OF  FES  OR  FESSSOB  24.  FACING  ELECTRODES  OF 
LITHIUM— ALUMINUM  ALLOY.  AND  MOLTEN  L I CL— ACL  ELECTROLYTE.  DURING 
THIS  SIX-MONTH  PERIOD.  CELL  AND  BATTERY  DEVELOPMENT  WORK 
CONTINUED  AT  ML«  EAGLE-PICHER  INDUSTRIES.  INC..  GOULD  INC.. 

AND  THE  ENERGY  SYSTEMS  GROUP  OF  ROCKWELL  INTERNATIONAL. 
FABRICATION  GF  A  40-KWH  BATTERY  BY  EAGLE -PI CHER  FOR  TESTING  IN 

an  Electric  van  is  nearing  completion,  cost  a**  design  studies 

FUR  A  MARX  11  ELECTRIC-VEHICLE  BATTERY.  WHICH  WILL  HAVE 
SOMEWHAT  H IGF*  R  PERFORMANCE  ANO  USE  POTENTIALLY  LOW-COST 
MATERIALS  AND  FABRICATION  METHOOS.  WERE  COF0UC1EO  BY  ALL  THRCE 
SUBCONTRACTORS.  AND  CONTRACTS  ARE  BEING  NEGOTIATED  FOR 
OCVELOPMtNT  1 JF  MARA  II  BATTERIES.  CONCEPTUAL  OESIGN  STUDIES 
ClAIIINuED  AT  ROCKWELL  INTERNATIONAL  ON  A  |  00  MWH  STATIONARY 
ENERGY -STORAGE  MUOULC.  Trc  PRESENT  PLAN  IS  TO  CONSTRUCT  A 
MODULE  BASED  ON  THESE  DESIGNS  FOR  TESTING  AT  THE  BEST  (BATTERY 
EFBRGY  STOWAGE  TEST)  FACILITY.  WORK  WAS  ALSO  IN  PROGRESS  AT  THE 
CARBORUNDUM  CO*.  GENERAL  MOTORS  RESEARCH  LABORATORIES.  ANO 
VARIOUS  OTHER  ORGANISATIONS  ON  DEVELOPING  MATERIALS  ANO 
COMPONENTS  FOR  CELLS.  SB  FIGURES.  2B  TABLES. 
aluminium  alloys (binary  alloy  systems! calciums cost:  dioesign; 
LLtCIRiC-POVtMED  VEHICLES:  T I ( EXPERIMENTAL  DATA:  OSHIGH 
TEMPERATURE! IRON  SOLF lOE SI  I  SOLA TED  VALUES  S  DSLlTHlUM  ALLOYS! 
LITHIUM  CHLORI  (JESILITnIUM-SULFUR  BATTERIES!  01.02.TJ. 01 
MATERIALS!  0  INC  TAL-NONMfc  TAL  BATTERIES:  M4  .OI  OFF  -PE  AK  ENERGY 
storage:  t*;  performance  :  d  i  planning  (potassium  chloride  s;pyri  te  : 
RESEARCH  PHOGR  AMS :  0 3.0. OX  I SULF  lOESl  TEST  IMG 


ACCESSION  NO. 
TITLE 
AUTHORS 
AUtHuW  AFF 
TITLE  I  NO  Hi  > 
SlC  N t  NT  NO 
PAGE  NO 
CONF  TITLE 
CORF  PLACE 
CO NF  DATE 
PUBL  LOC 
IMTE 

CATEGORIES 
PR  INARY  CAT 
ABSTRACT 


DC  SCR  1 PT  OK  1 


ACCESSION  NO* 
TITLE 
AUTHORS 
PUU  Ok SC 

111  T  fc 

categories 
pn  Inary  cat 
abstract 


OCSCR  1PTURS 


79C0I039I | 

LfcAO-ACIO  BATTERIES  FOR  RENOIE  PHOTOVOLTAIC  APPLICATIONS* 
SCHAETZLk*  H*J*J  BOOEN*  D*P* 

ELTmA  CO*  C  AND  D  BATTERIES  DlV*  PLYMOUTH  MEET ING «  PA 
INTERNATIONAL  TELEPHONE  ENERGY  CONFERENCE 
C0NF-76IO103  — 

2  **-2*6 

intern at ional  telephone  energy  conference 

SASHING TON*  DC.  USA 
2*  OCT  197tt 

MEN  YORK*  NY*  INSTITUTE  if  ELECTRICAL  AND  ELECTRONICS  ENGINEERS 
1 97  B 

E  00-1*060 1 1250902 
EU6-l*0Sol 

T»€  VARIOUS  LOAD  PROFILE  CHARACTERISTICS  HOST  CONNONLY 
ENCOUNTERED  IN  PHOTOVOLTAIC  INSTALLATIONS  ARE  ANALYZED  IN 
CONJUNCTION  VI TH  SOLAR  ARRAY  AND  BATTERY  PERFURPANCC  DATA  AND 
USED  TO  GENERATE  BATTERY  SPECIFICATIONS  vJTw  RESPECT  TO 
OPERATING  CHARACTER  I  STIC  S  AND  CYCLE  LIFE  REQUIREMENTS*  the 
DESIGN  OF  LEAD-ACID  BATTERIES  FOR  PHOTOVOLTAIC  APPLICATIONS  IS 
DISCUSSED  AND  ILLUSTRATED  VlTH  OPERATING*  MAINTENANCE*  AND 
CYCLE  LIFE  OAT  A*  OTHER  PERFORMANCE  CHARACTERISTICS  OF  LEAD-ACIP 
PHOTOVOLTAIC  BATTERIES  ARE  DESCRIBED  INCLUOING  THE  EFFECTS  OF 
OPERATING  TEMPERATURE  AND  THE  CORRECT  CHOICE  OF  CHARGING  METHOD 
FIN  VARIOUS  OPERATIONAL  REQUIREMENTS* 

BATTERY  CHARGl  NGSCOSl iDE SIGNSENErGY  storage:  OISLE ad-acid 
datteries:  T 2; maintenance; OPE RAT  I on; performance:  gz;solar  cell 

arrays:  Ti SSPECIFICATIONS:  Q1 ; TEMPERATURE  EFFECTS 


22-23*  26*  29 


79 J 009**66 

VHEN  FUEL  RUNS  OUT*  ELECTRICS  OVERTAKE 
KERR •  J* 

ENGINEER  (LOHiON).  V*  2*7*  Nu*  639S*  PP*  22-23*  26*  29 

19  OCT  1976 

EUB-330300;*V07GO 

EDB-330JOO 

TK  ELECTRIC  MOTOR  !A  PROVEN  FORM  OF  TRACTION)  MILL  TAKE  OVE* 
WHEN  THERE  IS  NU  MORE  FUEL  FDR  THE  INTERNAL-COMBUSTION  ENG1NL 
t  ICE )  ■  AT  A  TRANSPORT  AND  ROAD  RESLARCH  LABORATORY  CONFERENCE  * 
COAL -TO -OIL  CONYERS  ION  AH)  ELECTRIC  VEHICLES  MERE  NOMINATED  AS 
THE  BEST  MAYS  TO  FACE  TH  VORSENING  FUEL  SHORTAGES*  BRITAIN  IS 
GENERALLY  CONSIDERED  TO  DOMINATE  THE  WORLD'S  ELECTRIC  VEHICLE 
IM>USTRY*  LUCAS  AND  CHLORIDE  SMEARFCAO  BRITISH  PROJECTS  TO 
PRODUCE  A  COMMERCIALLY  VIABLE  ELECTRIC  VEHICLE  WHICH  IS  ALSO 
TRAFFIC  COMPATIBLE*  EXPERIMENTS  AT  LUCAS  ON  BUSES.  TAXIS* 
MINIBUSES*  AM)  VANS  ARE  BRIEFLY  DESCRIBED*  THE  COMPANY  IS  NOW 
CONCENTRATING  IX  VANS*  CHLORIDE  IS  AOHERELV  TO  DEVELOPMENT  OF  A 
COMMERCIAL  LINE*  AND  HAS  EQUIPPED  THE  EXPERIMENTAL  SILENT  RIDER 
SG-PASSENGCK  BUS*  THE  DODGE  SILEN1  (CARRIER  IS  THE  RESULT  OF 
COOPERATION  EE  TWEEN  NATIONAL  FREIGHT  CORPORATION*  CHLORIDE*  AND 
CHRYSLER*  PROGRESS  BEING  MADE  ON  ELECTRIC  VEHICLE  DEVELOPMENT 
IN  THE  VXITEO  STATES*  JAPAN*  FRANCE*  AND  GERMANY  IS  REVIEWED* 
BRITISH  COMPANIES  ANu  USERS  HAVE  SHUNNED  THE  HYBRID  ELECTRIC 
VEHICLE  BECAUSE  OF  ITS  CUNPLEXlTV*  THOSE  USING  SOME  FORM  OF 
ENERGY  RECUPERATION  SUCH  AS  A  FLYWHEEL  OR  PNEUMATIC  ACCUMULATOR 
POSE  INVOLVED  CONIROL  AND  TRANSMISSION  PROBLEMS*  OTHER  TYPES 
WITH  AN  ICE  FOR  BATTERY  CHARGING  OR  TRACTIVE  POWER  RE-INTROOUCC 
NOISE  AND  POLLUTION  UIPF ICULT IES.  ELECTRIC  VEHICLES  ARE 
RCCOGNIZEO  TO  OFFER  NOISE-  AND  POLLUTION-FREE  OPERATION 
together  with  reliability*  simpliciiv*  and  low-maintenance 
COSTS*  In  BRITAIN*  CHLORIDE  )S  BEGINNING  A  TEST  PROGRAM  FOR  THE 
SODIUM — SUL FIR  BATTERY |  THIS  BATTERY  OFFERS  A  GREATER  RANGE* 

MAK 1 NG  IT  USEFUL  FOR  INTER-CITY  TRAVEL*  (MCV) 

BUSES I ECONOMICS! ELECTRIC  BATTER ItSSELECTR IC-POVEREO  VEHICLES: 

ti*q2;envirommenial  policyieuropeievaluat ion;fumecast ing; 

INTERNAL  COMBUSTION  ENGltCSl  1RON-M ICKEL  BATTERIES! JAPAN! 

NICK EL -2  INC  BATTEN I ES .RESEARCH  PROGRAMS:  Ql IREV IE WS! SAFETY • 
SODIUM-SULFUR  BATTERIES  I STANDARD  OF  LlVlNGITEST ING tUNl TED 
kingoom:  T2 l US A I  USE  si  01 


0.7b  v;  tun  NO  NEEO  TO  RECYCLE  THE  CQftSUb  2%  STREAM  FkC* 

ANOOL  TO  CATHODE  i  (  IVI  NO  CELL  CORROSION  PROBLEMS!  AN  Is  (V) 
STABLE  tLtC  fkULYTES.  DROWN.  bUVLH  I  AND  CIE  HAVE  RON  A  $  1N\»LE 
CELL  FUR  OVtk  AO  .00  0  HOURS  ANO  A  MULTI -CELL  STACK  FOR  OVLk 
10.000  HUUkS.  A  »Lb T INUIUUSl  MULl I -CcLL  STAC*  <S  CELLS)  WAS 
OESIGNtD.  FAeHlLAlED  ANO  TES1EO  FUR  OVLR  700  HOURS.  )Ht 
OPERATING  CELL  CHARACTERISTICS  t/00  MA  CMASUP  -2*  AT  C.7  VOL  I  ^  ) 
ARE  ENCOURAGING  IN  RESPECT  TO  MELT  I  No  POWER  PLANT  PE  k  F  Ok  HA  NC  L 
COALS.  SOLID  ELECTROLYTE  FUEL  CELL  PUWtk  PLANTS  APPEAR 
PROMISING  FOR  LAkGC  SCALL  POwEk  GENERATION  AFTER  TnE  VLAk  *000. 
OtSCRIPTUNS  COAL  FUEL  CELLS:  T  2 .COAL  G AS I F I CA T ION S COMPAR AT  I VE  EVALUATIONS; 

ClRKOSIUNICU’+iENT  DENSITyIEFf  ICI£NCY  (ELECTROLYTES  5FUEL  CELL 

powlr  plants:  t: high-temperature  fuel  cells:  tuionic 

CONDUCT  1 V1 1 V  SOPER AT  ION (PERFORMANCE :  O I .02 • RE  V  I EwS l SOL  I O 
ELECTROLYTES 
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7VROObbOSO 

DEVELOPMENT  AND  EVALUAT I  (X  OF  MATERIALS  f OR  HIGH  TEMPERATURE 
LITfiIUM/SULFIM  rechargealce  BATTERIES 
SVAHOOP.  k.b.J  SMAGA.  J.A.;  BATTLES.  J.E. 

ARGONNE  NATURAL  LAo.  .  |L  (USA) 
iV 

DEP.  NT  IS.  PL  AO 3/M F  A01. 

CUvThACT  W-3  I-10V-ENG-3B 

MAU  IU70 

EDB-*S0VGJ;2tw)V0  2 
EDb-2bOVG3 
UUE/T  1C  —  lOOVB 

ELECTROCHEMICAL  ENERGY  STORAGE  IS  bEING  ACHIEVED  bV  THE 
DEVELOPMENT  LF  H IGH-TEMPtMATURE  RECHARGEABLE  BATTERIES. 

LI - AL/FLS  StCONDARV  BATTERIES  ARE  BEING  DEVELOPED  FOR  USE  OF 

POWER  SOURCES  FOR  ELECTRICAL  VEHICLES  AND  AS  STATIONARY  ENERGY 
STORAGE  DEVICES  FUR  LOAD  "LEVEL  INC  LM  ELECTRIC  UTILITIES.  IhIS 
bATIERY  COULD  DE  RECHARGED  OY  THt  ELECTRICITY  PRODUCED  VIA 
PKJTOVUL1AIC  SOLAR  ENERGY.  NUCLEAR  ENERGY.  OR  COAc-STEAM 
TURBINES.  Tut  Hi  GH  TEMPERATURE  CURRUS 1 VENE SS  OF  THE  ACTIVE 
MATLR1ALS  AND  MOLTEN  ELECTROLYTE  PLACES  SEVERE  RESTRICTION  ON 
THt  TYPE  OF  MATERIALS  THAT  CAN  Bfc  USED  FUR  CURRENT  COLLECTORS. 
SEPARATORS.  AN L  FEEDTHROUGH  INSULATORS.  OUT-OF-CELL  ANO  IN-CELL 
TtSTS  Akt  bEING  CONDUCTED  TO  IDLNT  IF  V  THE  MATERIALS  THAT  ARE 
COMPATIBLE  WITH  lHlS  CELL  ENVIRONMENT.  THE  CORROSION  TEST 
PROCEDURES.  THE  NATURE  AND  KINETICS  OF  THE  CORROSION  REACTIONS. 
AfO  THE  DE VELOPMtNT  AND  TESTING  OF  ELECTRODE  SEPARATORS  ARE 
DISCUSSLD. 

BATTERY  SEPARATORS!  TASCERAMICS!  T2 ; COMP AT  IB IL I TY ICORRQS ION:  Oli 
ELECTRIC -POWLR  LD  VEHICLES:  T6JL I TH lUH-SULF UR  BATTERIES: 

t  i  •  os  .u<>  •  matlh  i  als:  gi ;mater ials  testing:  u? .G3;me tals:  t?s 

OFF-PEAK  ENERGY  STORAGE:  T S ;P£RFORMANLt  TESTING:  G* 
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DEVELOPMENT  iW  POROUS  SI  NT ERtO-Ct RAM  I C  SEPARATORS  FOR 
APPLICATION  IN  A  L I  — AL/LlCL — KCL/FES  BATTERY 
BANDYOPADHVAY.  G.l  DUSEK •  J.T.J  GALVIN.  T.M. 

ARGONNE  NATILNAL  LAB..  IL  (USA) 

17 

DEP.  N1IS.  PL  A02/MF  AO  t • 

CONTRACT  W-3I-10 V-cNG-36 

A.  INTERNATIONAL  MEETING  ON  MODERN  CERAMIC  TECHNOLOGIES 
ST  VINCENT.  ITALY 
2b  MAY  | *7G 
IV7V 

EUB-2B0903 

ED6-2S0VO3 

MGC  AND  VSSUb  2S0ASUB  3»  EVALUATION 
CONF  -7V0S2B — 2 

THt  PROCEDURE  FDR  FABRICATION  OF  POkUUS  BINT ERE D-CC RAM  I C 
SEPARATORS  AM)  THE  TECHNICAL  FEASIBILITY  OF  USING  SUCH 

SEPARATORS  IN  Li — AL/MULTEN  LlCL - KCL/FES  BATTERY  CELLS  WERE 

INVESTIGATED.  PROCESSING  TtCHNIGUES  MERE  DEVELOPED  TO  FABRICATE 
APPROX.  I.b  TO  2 . S  MM  THICK.  APPROX.  3b  TO  60k  POROUS.  FLAT. 
SINTERED  YSSUB  2  SOS  SUB  3»  AND  MOO  SEPARATOR  PLATES  WITH 
SUFFICIENT  STRENGTH  TO  ALLOW  HANDLING  PRIOR  TO  ANO  DURING  CELL 


ASSEMBLY.  THESE  StPERATORS  PERFORMED  SUCCEbVFU4.LV  IN 
LABORATORY -SCALE  CELLS  F  ON  IP*  TO  APPROX*  2000  M  AND  *63  CYCLES? 
THUS  THE  CONCEPT  OF  A  SINTERED  SEPARATOR  IS  VlAbLE  FOR 
LI — AL/FE5  b AT 1EHICS*  ThL  PART ICULARLV  ATTRACTIVE  FEATURES  OF 
THESE  SCPARAUJRS  ARC  POTENT  I  ALL  V  LOS  COST*  PREFABRICATED  Ft*** 
THAT  ALLOWS  EASY  CELL  ASSEMBLY*  AND  SMALL  PURE  SIZE  I A VE R a Gfc 
DIAMETER  0*S  TO  1*0  SMUtM) •  WHICH  PROVIDES  GOOD  PARTICLE 
RETENTION*  TEST  RESULTS  FROM  THE  SINTEREO-SEPAR ATOR  CELLS 

INDICATE  THAT  V*SUB  2 AOS SUb  II  IS  PROBABLY  UNSUITABLE  FOR 
LONG-TERM  PERFORMANCE  IN  LI— AL/FES  CELLS  BECAUSE  OF  ITS 
REACTION  WITH  THE  POSITIVE  ACTIVE  MATERIAL*  THIS  IS  IN 
AU4EEMENT  WITH  THE  RECENTLY  REPORTED  OAT A  ON  CELLS  WITH  VISUb 
2*0»SUb  JA  FELT  AMO  POWDER  SEP AHA  TORS »  SINTERED  MGO  SEPARATORS. 
HOWEVER*  SHOWED  GOOD  CHEMICAL  A  NO  MECHANICAL  STABILITY  IN  TMfc 
CELL  ENV  IRON  ML  NT  •  9  FIGURES.  I  TABLE* 

UESCWIP10MS  BATTERY  SEPARATORS!  Ul ICERAMlCSSELECTR IC-POWERED  VEHICLES!  T3! 

EVALUAT  IONIF  AdHI  CAT  10NIF  EASlblLl  TT  STUDIES;  IRON  SULF10ES? 
LITHIUM  ALLOYS SL1TH1UM  CHLOM IDES; LI THI UM -SULFUR  BATTERIES! 
mi*02«uj;macf£sium  ox ioes; off-peak  energy  storage:  t*  ; 
PERFORMANCE  TE ST  I NG I PLATES {POROUS  MATERIALS^POT ASS lUM  CHLORIDES 
SINTERED  MATERIALS!  YTTRIUM  OXIDES 
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ENGINEERING  OE  ^COMMENT  OF  L  1  THl  UM/ME  T  AL  SULFIDE  faATTERY 
TECHNOLOGY  FUR  VEHICLE  PNOPULSION*  SUMMARY  REPORT*  OCTObER 
1977 - SEPTEMBER  197b 

BARNEY*  D*L • I  CHluENSKAS*  A.A* S  DELUCA*  «*H* S  HAVES*  E*H*S 
HORNSTRA*  F*S  FARAHAT*  M  *K • I  GRAAE*  J*A*E*S  bOX*  S* 

ARGONNE  NAT  1  LM XL  LAb*  *  1  L  (USA) 
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40  KWH 

AML - ?9**t 

Tr£  RESEARCH*  DEVELOPMENT*  AND  MANAGEMENT  ACTIVITIES  DONE  |N 
PREPARATION  FOR  IN— VEHICLE  TESTING  OF  ENGINEERING -SC ALE 
L |lH lUM/MCTAL  SULFIDE  BATTERIES  ARE  OESCRIBED*  THESE  ACTIVITIES 
WERE  CARRIED  OUT  AT  AKGOMtL  NATIONAL  LABORATORY  (  ANL  >  FROM 
OCTOBER  1977  TO  SEPTEMBER  197b.  OVER  THE  PAST  YEAR.  LEAD — ACID 
BATTERIES  WERE  TESTED  BOTH  |N  THE  LAbORATORV  AND  IN  A  RENAULT 

automobile*  the  data  obtained  from  these  tests  will  be  used  to 
assess  the  performance  of  lithiumsmet al  sulfide  batteries* 

TESTING  OF  A  40  KWH  LI TMIUM/Mt IAL  SULF IOE  BATTERY  IN  A  VEHICLE 

is  planned  fcp  early  i97w*  the  euuipment  needed  to  evaluate  the 
PERFORMANCE  IP  THIS  BATTERY  WAS  OESIGNEO  AND  FABRICATED* 

TESTING  OF  THIS  EQUIPMENT  IS  EXPECTED  TO  BEGIN  AT  THE  ENO  OF 
197b*  IN  ORDER  TO  CARRY  OUT  ThE  ABOVE  IN-VEHICLE  TEST*  THE 
LIlHlUM/METAL  SULFIDE  BATTERY  MUST  HAVE  A  THERMALLY  EFFICIENT 
CASE  AND  A  C MERGER*  CONSTRUCTION  OF  SUCH  A  CASE  IS  IN  PROGRESS* 

A  portable  CMXRGCRS equalizer  That  HAS  The  capability  of 

CHARGING  UP  TO  SIX  LITMllM/METAL  SULF IDE  CELLS  WXS  FABRICATED* 
12  FIGURES*  b  TABLES* 

BATTERY  OiARULRS (CONTAINERS {COST  {ELECTRIC -POWERED  VEHICLES!  T2  ; 

experimental  data:  di isolated  values:  dileao-acio  batteries: 

T 3. DILI TnIUM-SULFUR  BATTERIES!  M I *Q2 I MECHANl CAL  TESTS!  O! 

off-peak  energy  storage; performance  testing:  o3*d«research 
programs:  qi isulfides 


■  ■ 


V.*k*V*.  H'«  TZV1  ai  V. 


£ 

IP 


’•  N 


LEAD— AC  ID  BATTERY  IS  COMPETING  WITH  ALL  THE  NEWCOMERS.  ADVANCE  5 
IN  THE  bAITERlCS  FU«  ELECTRIC  VEHICLES  ARE  ALSO  DISCUSSED. 
GENERAL  MOTORS  IS  E XPER I  ME  NT |NG  to  1  TM  A  2  1 NC— MCA  tL  -OX  1  DE 
BATTERY.  WHICH  IN  ITS  PfctSLNT  STATE  HAS  A  SPECIE 1L  fcNLRGt  t* 
AUOUT  70  W-HR/AC,  PERMITTING  THE  160-KN  RANGE  ELECTRIC  CAP 
APPLICAT I UN. 

DESCRIPTORS  ELECTRIC  faATTLRltS:  T2  .0  1 ;  ELtC  TR I  C-PU  WE  RED  VEHICLES:  T  I  ; 

LEAD-ACID  BAITER ILSSREVI EWS:  Ok 
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SODIUM/SULPHLfl  BATTERY.  A  NEW  HlGH-POWtR  ACCUMULATOR 
FISCHLR.  W.  li  HAAR.  W. 

BROWN.  bOVERI  END  CIE  A .  G.  •  HEIDELBERG  (GERMANY.  F  .R  •)  S  ( BROWN. 
BUVERI  UNO  CIE  A  *G*  »  HEIDELBERG  (GERMANY*  F.R.).  2EN1R ALE  S 
FOR SC HUNGS LABOR 

PHYS.  UNSERER  2EIT.  V.  9.  NO.  to .  PP.  1 64  - 1 9 1 

NOV  | V7b 

IN  GERMAN 

EDO -2 50 VO 2 

ED© -250 VO 2 

AFTER  COMPARING  SOME  OF  THE  PROPERTIES  OF  SECONDARY  BATTERIES 
NON  IN  OLVELtPMENT*  ThE  STATE  OF  The  art  of  The  na/s  battery  is 
OICUSSED.  THE  PAPER  DEALS  WITH  ThE  SOLID  ELECTROLYTE.  THE 
SULPHUR  ELECTROOC.  CORROSION  PROBLEMS.  THEIR  TIME  BEHAVIOUR. 
Tfr«.lk  CAPACITY  ANU  THEIR  POWER  DENSITY.  POSSIBLE  APPLICATIONS 
ARE  IN  ELECTRIC  ROAD  VEHICLES  AND  IN  LOAD  PEAK  SHAVING. 

CAPACITY (COMPARATIVE  fc vALUAT IONS (DESIGN; ELEC TR 1C  BATTERIES* 
PERFORMANCE:  UKSERV1CE  LlFE(SOOIUM-SUtPUR  BATTERIES:  TllUSEs 
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DEVELUPMENI  cf  the  zinc— chlorine  battery  for  utility 
APPLICATIONS.  INTERIM  HEPOHl.  JANUARY  I.  1977— MARCH  31.  |  97fc 
BlWK.  J. 

ENERGY  DEVELOPMENT  ASSOCIATES.  MADISON  HE1GH1S*  Ml  (USA) 

310 

OEP.  NT  IS.  PC  AI4/MF  AOl. 

APR  |97V 

EO© -250 VO  I  (250  VO  4 

E Db-250901 

I9G-MVH  PLANT  WITH  4b-K»H  MODULES 
EPNI-CM - 1051 (PI .4) (APP.  » 

the  zinc— chlorine  battery  system  is  presently  under 

DEVELOPMENT  AS  A  PEAK-SHAVING  ENcRGV -STORAGE  DEVICE  FOR  THE 

electric  utility  industry,  the  principal  thrusts  of  the  present 

PROGRAM  WERE  PREPARATION  AND  ANALYSIS  OF  A  NEW  100-MWH  PLANT 

design;  and  sign,  fabrication,  and  initial  testing  of  a 

45-kwh  BATTERY  ROOULE  -  THE  BASIC  UNIT  OF  THE  NEW  100-MWH  PLANT 
DESIGN.  DEVELOPMENT  PROGRAMS  ON  ELECTRODE  RESEARCH.  ELECTROLYTE 
OPTIMIZATION.  CELL  DLSIGN.  BATTERY-PERFORMANCE  VERIFICATION. 

AND  LOW-COST  MATERIALS  AND  PROCESSES  WERE  CONDUCTED  IN  SUPPORT 
OF  THESE  OBJECTIVES.  A  NEW  CONCEPTUAL  DESIGN  OF  100-MWH  BATTERY 
PLANT  IS  BASED  ON  THE  CONCEPT  OF  FULLY  INTEGRATED 
2  INC— CHLOR  lt£  HYDRATE  BATTERY  MODULES.  THE  BATTERY  PLANT 
CUMPR1SES  THIRTY -SIX  INDEPENDENT  STRINGS*  EACH  STRING 
CONSISTING  UF  44  SER1ES-CONNECTEO  66-KWH  BATTERY  MODULES.  A 
CONCEPTUAL  MANUFACTURING  PLAN  FUR  A  PRODUCTION  RATE  OF  100 
BATTERY  MOOUUS  PER  DAY  WAS  PREPARED.  THE  INSTALLED  COST  OF  THE 
100-MWH  BATTERY  PLANT  WAS  ESTIMATED  TO  BE  S26/KWH  PLUS  S9I/KW 
(IV77  6).  THE  SAFETY*  ENVIRONMENTAL*  AM)  LEGAL  ASPECTS  OF 
SITING  100-MWH  2  INC— CHLORINE  BATTERY  PLANTS  AT  SUBSTATIONS  IN 
RESIDENTIAL  MIAS  WERE  ALSU  ANALYZED*  THE  DESIGN  IS  JUDGEO  TO 
BE  OPTIMAL  IN  THE  AREAS  OF  PERFORMANCE*  SAFETY*  ANO 
MANUFACTUNABIL ITV*  WHILE  COMPARING  FAVORABLY  IN  COST  ANO 
RELIABILITY  TO  EARLIER  DESIGNS*  THE  MODULE  PROTOTYPE  was 
DESIGNED*  FAtMlCATED*  ASSEMBLED*  AND  TESTED*  THE  45-KWH  MODULE* 
WHICH  PCRFONPCO  WELL  AS  A  SYSTEM.  DELIVERED  IN  EXCESS  OF  T*C 
DESIGN  LEVEL  FOR  DC  ENERGY  OUTPUT*  HOWEVER*  THE  EFFICIENCY*  AT 

bos*  was  lower  than  the  design  target*  the  significant 

ACCOMPLISHMENTS  IN  THE  DEVELOPMENT  PROGRAN  ARE  SET  FORTH*  |44 
FIGURES*  54  TABLES* 

ELECTRIC  UTILI Tl ESI  ELECTRODES! ELECTNULYTCSIGRAPHS:  DIMATERIALS; 
OFF-PEAK  ENERGY  STORAGE:  M 1 ( PERFORMANCE  TEST 1NGIRESEARCH 
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LEAD - ACID  CELLS  ANO  bATTERlES 

PETERS.  A.;  PE  ASTER ,  S. t  WILSON.  f  mi  KEARNEY •  K.D.N. 

TO  CHLORIOE  GROUP  LTD* 

PRIORI TT  DATE  31  OCT  1974,  UNITED  KINGDOM  OF  GREAT  BRITAIN  AND 
NUHTHERN  lRLLAtt)  (OKI 
20 

10  OCT  197b 
EDU-2S090I 
CUB*-2b09Ul 
PAT  tNT 

A  SEALED  LEAD— ACID  CELL  IS  OISCLCiSEO  WHICH  HAS  ELECTRODES 
COMPRISING  METALLIC  SUPPORTS  WHICH  MINIMISE  THE  EVOLUTION  OF 
HYDROGEN  ANO  RESIST  DEFORMATION  UNDER  THEIR  OWN  WEIGHT.  AND 
WHICH  ANL  SEPARATED  bV  AT  LEAST  ONL  LAVER  OF  SEPARATOR 
MATERIAL.  tML  CAPACITY  OF  THfc  NEGATIVE  ELECTRODES  IS  ARRANGEO 
TO  BE  AT  LEAST  AS  GREAT  AS  THE  CAPACITY  OF  THE  POSITIVE 

electrdols.  the  thickness  of  the  electrodes  is  less  than  3**; 

THE  THICKNESS  OF  lMfc  SEPARATOR  IS  IN  THE  RANGE  05  I0X  TO  20GX 
UF  THE  THlCKlCSS  OF  THE  ELECTRODES;  AND  THE  VOLUME  OF 
ELECTROLYTE  IN  THE  CELL  IN  RELATION  TO  THE  SUM  UF  THE  PORE 
VOLUME  OF  THE  SEPARATORS.  A.  ANO  THE  PORE  VOLUME  OF  THE 
POSITIVE  M40  NEGATIVE  ACTIVE  MATERIALS.  V,  IS  NOT  GREATER  THAN 
2X  4  V.  12  FIGlfttS.  4  TABLES. 

battery  separators; design:  gi ;electrudes;electrolytes;lead; 

LEAD-ACID  BATTERIES:  MJ  ;  THICKNESS 


ACCESSION  NO.  79X006DBI6 

TITLE  <MUMj>  SODIUM - SULFUR  BATTERY  DEVELOPMENT  PROGRAM.  PHASE  11.  FINAL 

REPORT.  UUNE  I  97 to — OCTOBER  31.  IV7  7 

EDITOR  OR  COMM  WOUZIAN.  A. 

CORPORA! L  AUTH  F(*u  MOTOR  CD..  DEARBORN •  Ml  ( USA » •  SCIENTIFIC  AND  RESEARCH  LAB. 

PAGE  NO  213 

AVAILABILITY  DtP »  NT  IS.  PC  AlO/MF  AOI. 

CONTRACT  NO  CONTRACT  t V-76-C -Q2 -2SB6 

DATE  1977 

CATEGORIES  E0B-2SCV0I 52 SO 90 A  12001 07 1330300 

PRIMARY  CAT  EDB-2S0VG1 

REPORT  NO  1  10 - 2E939 

ABSTRACT  THE  PHASE  II  SOOIUM - SULFUR  BATTERY  DEVELOPMENT  PROGRAM  WAS 

ORGANIZED  ALIN G  FIVE  TASKS:  ELECTRIC  VEHICLE  DEVELOPMENT  AND 
OENONSTRAT ION.  LUAD  LEVELING.  CONTAINER  ANO  SEAL  DEVELOPMENT. 
DEVELOPMENT  cf  ceramic  ELECTRULYIE  ANU  seal  technology,  and 
FABRICATION  ANO  TESTING.  VEHICLE  BATTERY  STUDIES  FOR  THE  CVS 
CYCLE  ESTABLISHED  A  44-KW  NA/S  BATTERY  NEED  FOR  POWERING  A  1134 
KG  EV  EQUIPPED  WITH  MANUAL  TRANSMISSION  AND  EMPLOYING 
REGENERATIVE  BRAKING.  A  CONCEPTUAL  DESIGN  OF  A  S— MWH  BATTERY 
■AS  DEVELOPED  BASED  UPON  CONSIDERATION  OF  SYSTEM  REQUIREMENTS. 
FAULT  ISOLATION  ANO  MONITORING.  THERMAL  AND  CHARGE  CUNTrOL 
F ACTORS.  STATIC  CORROSION  TESTS  WERE  USED  TO  SCREEN  POTENTIAL 
CANDIDATES  Ft*  THE  SULFUR  CONTAINER  M  AT  t  R I AL  SYSTEM.  EMtNMvt 
EJt*LOMAlORV  CELL  TESTING  ESTABLISHED  Th£  MARK  I  PHOTOTYPE  CELL 
SULFUR  CONTAINER  MATERIAL  SYSTEM:  SIL ILA 1 E -BONDED  GRAPHITE 
COATING  I T lOOt  ZE  CC  —400  >  UN  LOW -CRACK -DENS  I T Y  CHROMIUM 
ELECTROPLATED  ON  E-ORITE  STAINLESS  STEEL •  A  PRE-PILOT  CERAMIC 
PLANT  WAS  ESTABLISHED  TO  PRODUCE  QUALITY  CERAMIC  ELECTROLYTE 
TU31NG  AT  A  NATE  OF  200  TUBES/MONTH.  THE  PILOT  PLANT  FOR 
PRODUCING  CERAMIC  ELECTROLYTE  HAS  BEEN  PLANNED.  DES1GNE0  AND 
CONSTRUCTED.  THIS  FACILITY  WILL  HAVE  THE  CAPACITY  ULTIMATELY  TO 
PRQOOCt  ISO  MET  AS*  • -ALUMINA  TUBES  PER  DAY.  OVER  *b  CELLS  WERt 
ASSEMBLED  AND  EVALUATED.  THESE  CELLS  WERE  DESIGNED  PRIMARILY  TO 
EVALUATE  DIFFERENT  CANDIDATE  MATERIAL  SYSTEMS  FOR  THE  SULFUR 
CONTAINER.  TFC  CELLS  ALSO  PROVIDE  A  TEST  BED  FOR  DEVELOPING 
IMPROVE O  SEAL  mo  ASSEMBLY  PROCEDURES.  FOR  EVALUATING 
INTERMEDIATE  SUE  CERAMIC  TUBES  1 1  .S  X  20  CM|  ANO  FOR 
CHARACTERIZING  ELECTRICAL  PROPERTIES  OF  SULFUR  ELECTRODES  IN 
LARGER  CELLS.  TWENTY  INDIVIDUAL  CELL  TEST  STATIONS  MITh 
AUTOMATIC  TEST  CONTROLS  ARE  IN  OPERATION  AT  FORD— OEaRbORN.  63 
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FIGURES*  Z5  TABLES. 

DtSCKlPTl*45  LER  AM  iCSiLURKJSIUN*.  DESIGN!  ELECT  R1  C-PO  WERE  D  VEHICLES:  72! 

ELt  C  TROl_YlES!F  ADR  I C  AT  I CJN  !M  AT  CM  1  AL  b  i  OF  F -PE  A*  ENtRuY  SI  OR  AGE:  T3  J 
PERFORMANCE  IE  ST (NO J RE SE ARCH  PROGRAMS:  Ul *  SEALS  * SOD1 UM-SULFuh 
b  AT  7  ER 1 1  S:  T  1.  u«  *u3  !  TUBES 


79J00B2232 

SELECTION*  OPENATIuN*  AND  MAINTENANCE  OF  STANOBY  BATTERY  SYS 1 fc MS 
BUOEN*  U.P. 

ELTRA  CU*  PLYMOUTH  MEETING*  HA 

PLANI  E  No*  CuARR INGIUN*  1LL*>*  V*  32*  NO*  25 •  PH*  I33-l3to 
7  UL C  1978 
t Db-250904 
EUO  — 25GV04 

IN  AUDITION  TO  PROVIDING  DEPENDABLE  CONTROL  POWER •  STANObY 
BATTERIES  IN  GENERATING  FLANTS  PROVIDE  POWER  FOR  CRITICAL 
AMPLICATIONS  SUCH  AS  DRIVING  MULT  I HUNDRED -HORSEPOWER  TuRblNfc 
E*«.RGLNCV  OIL  PUMPS*  IN  RECENT  YEARS*  ThE  USE  OF  STANObY 
BATTERY  SYSTEMS  HAS  BEEN  GREATLY  EXTENDED  BECAUSE  OF  AN 
INCREASED  AWARENESS  OF  THE  NEED  TO  PROVIDE  RELIABLE  POWER  FOR 
FINE-DETECTION  a NO  ALARM  SYSTEMS*  EMERGENCY  LIGHTING*  AND 
SECURITY  ALAI44  AND  SURVEILLANCE  SYSTEMS*  AND  AN  UPSURGE  IN  TN. 
USE  OF  COMPUTERS*  STANDBY  BATTERY  SYSTEMS  CAN  BE  EQUIPPED  WITH 
NiLKEL-lKON*  N 1C A EL -C  ADM  lUM*  OK  LEAO-ACIO  BATTERIES*  EACH  TYPE 
HAS  ADVANTAGLS  OR  DISADVANTAGES*  BUT  THE  LEAD-ACID  BATTERY  IS 
1  rt  OVERWHELMING  favorite  for  general  INDUSTRIAL  APPLICATIONS* 
SELECTING  A  STANDBY  bATTERY  SYSTEM  REQUIRES  CONSIDERATION  OF 
MANY  FACTORS  OTHER  THAN  THE  TYPE  OF  BATTERY*  WILL  THL  SVSTCM 
SERVE  ONLY  DC  LOADS*  OR  WILL  THE  BATTERY  OPERATE  WITH  AN 
INVERTLR  TO  SERVE  AC  LOADS*  WHAT  DUTY  CYCLE  WILL  BE  IMPOSED  ON 
Tt*.  SYSTEM*  IS  THE  SYSTEM  INTENDED  TO  SERVE  RELATIVELY  LIGHT 
LOADS  FOk  A  FAIRLY  LUNG  tCRlOO*  OR  IS  THE  SYSTEM  INTENDED  TO 
SUPPLY  RELATIVELY  HLAVV  LOADS  FUR  ONLY  BRIEF  PERIODS*  HOW  MUCH 
VALUE  SHUULO  BE  PLACED  ON  FACTORS  SUCH  AS  BATTERY  LIFE  AND 
REDUCED  bATTERY  MAINTENANCE.  THE  TYPE  OF  CHARGING  EQUIPMENT  AND 

the  BATTlRY  LOCATION  MUST  also  be  selected*  the  article 

DISCUSSES  THESE  POINTS  WITH  THE  AIM  OF  PROVIDING  GUIDELINES  FOR 
SELECTION  ANU  USE  TO  FIT  PARTICULAR  NEEDS. 

ACCIDENTsiELLCTRIC  BATTERIES:  T 1 *G« SC LEC TR 1C AL  FAULT  S* 

imh/strial  plants:  T2;  iron-nickel  bat  ter  ie  s:  T3slead-acid 
batteries:  tss maintenance:  oi snicmel -cadmium  batteries:  tas 

OPCRATl UN JPU YEW  SUPPLIES:  02 .MiCUMMENDAT IONS lUSES:  03*04*05 


ACCESSION  NO.  T 0A0055 705 

TITLt(MOttJ)  FURO/D*G*C •  SODIUM - SULF UR  BATTRY  ELECTRIC  VEHICLE  DEVELOPMENT 

A Hu  DEMONSTRATION*  PrtASE  I*  QUARTERLY  PROGRESS  REPORT  NO.  37* 
DECEMBER  I*  19  77— FEBRUARY  2b*  197b 
EDITOR  OR  COMP  TCPOUZIAN*  A* 

LORPURATE  AUIH  FORD  MOTOR  CO* •  DEARBORN*  Ml  <USA| 

PAGE  NO  27 

AVAILABILITY  DEP.  Nils*  PC  A04/MF  AOI* 

CONTRACT  NO  CONTRACT  K  Y - 75 -C -02 -2 56b 

DATE  197b 

CATEGORIES  £ OB- 33G3G0  *250900 

PRIMARY  CAT  EDD-3303U0 

REPORT  NO  COD — 25bC-3T 

ABSTRACT  PROGRESS  IN  bCVCLOPING  AN  ELECTRIC  VEHICLE  WITH  GOO  1 UM  —  SULF  UR 

BATTERIES  IS  REPORTED*  INFORMATION  IS  INCLUOED  ON  NAS  CELL  AND 
BATTERY  TRADE— IP  F  STUDIES!  PRELIMINARY  VEHICLE  PACKAGING 
STUDIES!  PROJECTS  ON  VEHICLE  PERFORMANCE  AND  COST!  AND 
MOT  OR /CONTROLS  ER  STUDIES*  ILCL  I 

DESCRIPTORS  COiTRUL  EQUIPMENT  ICOST  !  DtS  IGN!  ELECTR I C  MOTORS  it  LE  C  TR  1C -POWERED 

VEHICLES:  TltENCRGV  CUNSER VAT  I ON! MECHANICAL  TRANSMISSIONS! 
PERFORMANCE  I  RE  SEARCH  PROGRAMS:  G|  *02  !  GOO  I  UM— SULFUR  BATTERIES: 
12.91 


ACCESSION  NO*  7BP00SS262 

PATENT  NO  BCRMAN(FRG»  PATENT  1.771  .929/C/ 

TITLE  I  MOW  I  ACCUMULATOR  BATTERY  IN  WHICH  EACH  CELL  IS  SEPARATEO  BY  A 

DIAPHRAGM  PLATE  INTO  AM  AMOCVTE  2 ONE  FILLED  WITH  ALKALI  METAL 
AND  A  CA TOLY IE  ZONE  FILLED  WITH  A  SULPHUR-CONTA IN |NG  SUBSTANCE 
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categories 
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OE  SCR  IPTJRS 


TU  F  QKU— VEH* t  A*G.»  KUtLN  <  GERMANY  •  F  *k*  )  i  DLUTSChES  PATfcNTAMl. 
MUENCMLN  (GERMANY*  F.R.) 

7 

24  MAK  1977 
IN  GERMAN 
EUB-2SU9U3. 2  SO VO  I 
EU6-2S0903 
GERMAN  PATENT 

IHt  POWER  DENSITY  OF  ALKALI  ML  1 AL  -SULFUR  bAT  T  £R  IE  &  IS  INCREASED 
ACCORDING  TU  THE  INVENTION  MY  ARRANGING  A  POROUS  PLATE  TOUCHING 
EACH  SIUL  OF  THE  CAT  ION— PERMEABLE  SEPARATING  WALL  TO  CUNUUCT 
AND  DISTRIBUTE  THE  IONS*  WHICH  IN  TURN  EACH  BOROtR  ANOTHfcR 
PQRUUS*  SPRING -LUAOtU  PLATE  WHOSE  PORE  DIAMETER  IS  CONS IDtWAbL  Y 
LARGER  THAN  THAT  OF  THE  INNER  PLATES*  THE  PLATES  FACING  THE 
POSITIVE  ELECTRODES  ARE  FILLED  WITH  SULF UR -CONT A I N 1 NG • 
ELECTROCHEM1CALLV  RLVERSIBLE  CATHODE  SUBSTANCE  AND  THE  PLAT  fc  S 
FACING  THE  NcG  AT  I VE  ELECTRODE*  WITH  THE  ANODIC  ALKALI  METAL 
MELT  • 

alkali  metals; battery  separators:  oi soesign;plates;porosity; 
POROUS  MATER  |ALS; SODIUM-SULFUR  BATTERIES:  Tl 


ACCESSION  NO. 

title 

AUTHORS 
AUTHOR  AFF 
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DATE 

LANGUAGE 
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PRIMARY  CAT 

ABSTRACT 


DESCRIPTORS 


79J00SS243 

ADVANCES  IN  THE  FIELD  OF  LEAD— AC  I U  BATTERIES 
BERNDT*  D* 

VAR  1 A  BATTER  IE  A*G.*  KELKHt 1 M  (GERMANY*  F.R.).  BEREICH  NEUt 
PRODUCT  I UN 

ELEKTROTECH.  2.*  A*  V*  9V*  NO.  9*  PP.  SA0-BA3 

SEP  1976 

IN  GERMAN 

E0B-2S09G2 

E0B-2B99G? 

DUE  TO  FUNDAICNTAL  LIMITATIONS  A  SUBSTANTIAL  INCREASE  CANNOT  toL 
EXPECTED  CONCERNING  THE  SPECIFIC  ENERGY  OF  THE  LEAD— AC  ID 
BATTERY.  NEVERTHELESS*  THE  FURTHER  DEVELOPMENT  OF  THIS  MOST 
IMPORTANT  STURAGt  BATTERY  SYS1EM  IS  PUSHED  FORWARD  WITH  GREAT 
E**HAS1S.  LOW- ANTIMONY  OR  ANT INONV-FREE  GRID  ALLUYS  AS  WELL  AS 
HYOROGEN/OXVGEN  K tCOMb I NAT  1  ON  DEVICES  ARE  EXTENDING  THE 
TiPPING-UP  INTERVALS*  AUTOMATIC  REFILLING  DEVICES  MAK t 
T UPM I NG— UP  VERY  SIMPLE.  ALTOGETHER  MAINTENANCE  EFFORTS  ARE 
REDUCED  TO  A  GREAT  DEGREE.  LEAD-ACID  BATTERIES  ADAPIEO  TO 
SPECIAL  APPLICATIONS  (CONTINUOUS  CHARGE -O I SCHAMGE  OPERATION  |N 
BATTERY  PROPLLLED  BUSSES)  ARE  TO  MAVfc  COOLING  DEVICES  TO  CARRY 
OFF  THE  HEAT*  ORIGINATED  MAINLY  IN  THE  CHARGING  PERIOD. 

BATTERY  CHAN ulNt*  l CAPACITY; LEAD -AC ID  BATTERIES:  T  I  ;MA  INTENANCE  ; 

performance:  oi; technology  assessment 
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availability 
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7VR00S*M»3 

ENERGY  STORAGE  FOR  PHOTOVOLTAIC  CONVERSION.  VOLUME  II. 

UTILITY  SYSTEMS.  FINAL  REPORT 

FEDUSKA*  W.l  K1RSCHBAUM*  H.S.J  CNLJANlEC*  C.R. I  M ASK AL 1 CK •  N.J. 
MAITLEN*  J.L.i  PITTMAN.  R.F.I  WOLFE •  N*l  WOOD*  P. I  WORRELL* 


W*L. 

WEST INC HOUSE  ELECTRIC  CORP • .  PITTSBURGH*  PA  (USA).  RESEARCH  AND 

DEVELOPMENT  CENTER 

192 

DtP*  NTIS*  PC  AOV/MF  AO I* 

Contract  ey-tb-c-oa-e?** 

39  SEP  1977 

E  UB  — 1 4CCG0  t  2  SO  90  I  12B0902  •  I AOBO  I 
EUb-lAOBOO 

TID — 267bl  .  ,  ^  , 

WESTINGHUUSE  ELECTRIC  CORPORATION  HAS  l#«OERTAKtN*  FOR  THE 
NATIONAL  SCIENCE  FOUNDATION*  A  TWELVE -MONTH  STUDY  PROGRAM  BOTH 
10  EVALUATE  THE  NATURE.  MODE  OF  OPERATION.  AND  USEFULNESS  AND 
TO  OEFINL  ACTIONS.  REGARDING  TECHNICAL  AND/OR  IMPLEMENTATION 
PROBLEMS*  REWARDING  BATTERY  STORED  ENERGY*  WHEN  APPLIEO  TO  BOTH 
SINGLE -FAMILY  RESIDENCES  AND  UTILITY  CENTRAL  STATION  SYSTEMS 
THAT  WOULD  USE  PHOTO VOLT A I C-OCR IV ED  ELECTRICITY  |N  ThE  TIME 
FRAME  19WS  TO  1996*  THE  PROGRAM  ENTAILED  SIX  TASKS:  SYSTEMS 
ANALYSI St  COMPONENT  REQUIREMENTS;  CONCEPTUAL  DESIGN;  STORAGE 
SYSTEM  EVALUATION  AND  SCREENING!  PRELIMINARY  DESIGN;  AND  R  AND 
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O  WtQUlRtMfcNIS  XND  UTILIZATION  PLAN*  THIS  REPORT  COMPlLCt  THt 
RESULTS  OF  THE  FINDINGS  OF  ALL  OF  THESE  TASKS*  RELATED  SOLELY 
TO  The  UTILITY  SYSTEMS  PlAtTlONS  OF  InE  PROGRAM*  EACH  OF  WHICH 
HAD  PREVIOUSLY  BEEN  SEPARATELY  REPORTED*  AS  WELL  AS  THE  JVERALL 
CONCLUSIONS  UF  THL  TOTAL  STUDY*  IT  OLFINES  TwO  PREFERREu 

BATTERY  SYSTEMS - ADVANCED  TECHNOLOGY  LEAD— ACID  AND 

l  INC— -CHLOR  l*£  —  DER  1VED  FROM  A  HANKING  ANO  WEIGHTING  TECHNluuE 
EWLVED  IN  SCR  EE  NlNG  9  BATTERY  SYSTEM  CANDIDATES*  IT  DESCRIBES 
HU*  THE  BATTERY  SYSTEMS  ARE  USED  IN  THE  UTILITY  ANO  DEFINES  Tut 
NAT  URL  OF  TntSC  SYSTEMS  (COMPLETL  Wlln  ALL  AUXILIARIES* 
MAINTENANCE*  AND  SAFETY  SYSTEMS!  IN  THE  CONTEXT  OF  A  S00  MUh 
PLANT  Sl/t  4  12  S  MW  FOR  A  HOURS!*  IT  DESCRIBES  THE  TECHNICAL  AND 
ECONOMIC  ASPECTS  OF  USING  THOSE  SYSTEMS  AND  THE  NATURE* 
TECHNICAL  STATUS*  MANNER  OF  USAGE*  AND  ECONOMICS  Of  THE 
INTERFACING  POWER  CONDITIONING  EQUIPMENT*  ALSO  IT  RELATES  THE 
TECHNICAL  AND  INST  I  TUT IUNAL  OBSTACLES  TO  BE  OVERCOME  TO  ENSUkC 

this  usage*  finally  this  report  describes  courses  uf  actions 

FOR  USEFUL  DISSEMINATION  OF  THE  INFORMAT lUN  COMPILED* 
DESCRIPTORS  AUXILIARY  SYST EMS ICOST IDLS IGNS  Ul *b£ *QA vOSlELECTR I C  BATTERIES; 

electric  utili tiesiencrgv  storage  systems:  oi *d2;eouipmeni 
interfaces; evaluation:  ux.gsile ad-acid  batteries:  ta slife-cvclc 
COST {MAINTENANCE JPHUTOVOLT A  I C  POWER  PLANTS:  I  2 • PHOTO VOL T  A  I C 
POWER  SUPPLIES:  TI*G3SP0WER  CONDITIONING  C  IRCUl TS S REL I Ab IL 1 T V ; 
RESIDENTIAL  BUILDINGS:  T31 SAFE T V  $ SERV I CE  L IFE ! SIZE S SYSTEMS 
ANALYSIS;/ INC-CHLORINE  BATTERIES:  TS 
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ABSTRACT 
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79J00490I 

REVIEW  OF  THE  CURRENT  STATUS  AND  FUTURE  PROSPECTS  OF 
BATTERY-POWEfCD  ELECTRIC  ROAD  VEHICLES 
VAN  WYK*  J *0 *N • 

CSIR.  NATL  ELECTH  ENG  RES  INST*  PRETORIA*  &  AFR 
TRANS*  S*  AFR*  INST*  ELECTR*  ENG*  •  V*  6V.  PP  •  26-4  3 
FEB  IWtt 

COM -330 JGO l 2*0 90* 

EDB-3J03U0 

TFC  HISTORY  OF  ELECTRIC  VEHICLES  AND  THE  PRESENT  SITUATION 
REGARDING  THESE  VEHICLES  ARE  DISCUSSED*  ANO  DESIGN  PARAMETERS 
SUCH  AS  THE  FIELD  OF  APPLICATION*  TRIP  STATISTICS*  POWER 
REQUIREMENTS*  POWER  SOURCE  ANO  RANGE  ARE  MENTIONED*  PQSS IfcLE 
FuTUKt  BATTERY  SYSTEMS  ARE  ALSO  DISCUSSED*  WITH  REFERENCE  TO  A 
NLNbER  OF  AQUEOUS*  METAL -AIR  AND  HIGH  TEMPERATURE  BATTERIES. 
TRACTION  SYS1CMS  ARE  DEALT  WITH,  ANO  REFERENCE  IS  MADE  TO  THE 
GENERAL  CONS IDER ATIONS  OF  A  TYPICAL  CONTROLLER  FOR  A  MOTOR  WITH 
SEPARATE  FIELD  EXCITATION*  AS  USED  IN  BAT TERV-UR1 V£N  VEHICLES* 
ECONOMIC  CONSIDERATIONS  ARE  MENTIONED  AND  THE  PURCHASE  COSTS* 
OPERATING  COSTS  AND  TOTAL  COSTS  OF  THE  ELECTRIC  VEHICLE  ARE 
COMPARED  WITH  THAI  OF  THE  PETROL-DRIVEN  VEHICLE*  THE  POSSIBLE 
APPLICATIONS  AND  FUTURE  RULE  OF  THESE  VEHICLES  IN  SOUTH  AFRICA 
ARE  CONSIDERED*  THE  ADVANTAGES  OF  BAT TERY-OR I VEN  VEHICLES  FOR 
COUNTRIES  Dt INDENT  ON  OVERSEAS  ENERGY  RESOURCES  ANO  THE 
EXPECTED  EXTRA  LOAD  ON  THE  SUPPLY  NETWORK  ARE  BRIEFLY 
MENTIONED*  22  REFS* 

CAPITAL S0ESIU4:  Ul SECONOMI CSSELECTRIC  BATTERIES:  TS 
CLtCTRlC-POwtNCO  vehicles:  tiselectrical  equipment; IRON-AIR 

BAT  TER  Its;  I  RIM -NICKEL  BATTER  IE Si LEAD— ACID  BATTERIES; 
LITnlUM-SULFUR  BATTERIES  *N  ICKEL-CADMl UM  BA 1 T EM IES IN  I CKEL-Z INC 
BAT  TER I CSS PERFORMANCE* RE  VIEWS! SODIUM— SULFUR  BAT TER IES SSOUTH 
AFRICA!  2  INC-AIR  BATTERIES 


THU  ENGINES  ANO  ENERGY  I  FUTURE  TRENDS 

AUTHORS  AGNEW*  W*G* 

AUTHOR  AFF  GENERAL  MOTORS  RESEARCH  LAB**  WARREN*  Ml 

TITLE (MONO I  PROCEEDINGS  GP  A  SYMPOSIUM  ON  IMPLICATIONS  OF  ENERGY 

CONSERVATION  ANO  SUPPLY  ALTERNATIVES 

SEC  REPT  NO  CONF— 760 ISO - 

PAGE  NO  171-21* 

CONF  TITLE  SYMPOSIUM  ON  IMPLICATIONS  OF  ENERGY  CONSERVATION  ANO  SUPPLY 

ALTERNATIVES 

CONF  PLACE  COLORADO  SPRING*  CO*  USA 

CONF  DATE  30  JAN  1V78 

PUBL  LOt  SCIENCE  APPL  1C  AT  1  ON  S  •  INC*  •  CAST  BRUNSWICK*  NJ 
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Dkrn  AGNt*  POINTS  UUl  THAI  IN  THE  NEAW-TEKM  (10  AtoOut  I 990  )  »  Ni  • 
ENERGY  SOUMCtS  SUCH  AS  SYNTHETIC  FUELS  CANNOT  MAKE  SUBSTANTIAL 
CONTRIBUTIONS*  IN  THE  LONG  TERM  I *000  AND  BEYOND)*  WHEN 
PETROLEUM  RESOURCES  MILL  fit  SHORT •  Wfc  MILL  HAVE  Tu  CONVERT  TC 
SYNTHETIC  FULLS  OEM IVEO  FROM  TAM  SANDS*  GHALES*  OR  COAL*  THE 
TRANSPORT AT llh  SECTOR  CONSUMES  26ft  OF  ALL  U* S.  ENERGY  ANO  SSX 

of  the  pltrolcum  supply*  the  automotive  industry  ts  conducting 

POWER-PLANT  K  AND  O  PROGRAMS  INVOLVING  NEAR-TERM  MODIFICATIONS 
TO  The  CONVENTIONAL  SPARK- IGN| 1  ION  GASOLINE  ENGINE*  AS  HELL  AS 
RESEARCH  ON  ALTERNATES  TO  THE  CONVENTIONAL  SPARK- IGNI T ION 
ENGINE  FOR  ThC  LONG-TERM  SITUATION*  DM*  AGNEM  SEES  IMPROVEO 
CONVENTIONAL  ENGINES*  LIGHT -DUTY  DIESEL  ENGINES*  AND 
STRAT IF | LD -CHARGE  ENGINES  AS  FEASIBLE  IN  197b  TO  I96SS 
GAS-TURBINE  ENGINES.  ELECTRIC  DAT T ERV -POwfcHt V  VEHICLES*  AND 
METHANOL -DUELED  ENGINES  FOR  I  986  TO  2000.  AND  HYDROGEN  -FUC  LE  D 
ENGINES  AND  FUEL  CELLS  F  UR  200  0  AND  BEYOND*  EACH  SYSTEM  IS 
BRIEFLY  DISCUSSED*  A  LENGTHY  MOUNOTADLE  DISCUSSION  FOLLOWED* 

I  MCE  I 

AUTOMOTIVE  FtCLS  (COMPARATIVE  EVALUAT IDNS(D IE  SEL  ENGINES  • 

E  CON DM | Cs I  ELEC  TR 1C— POWERED  VtH ICLE S; ENERGY  5 t NG I Nt S S  TA.OSi 
FEASIBILITY  STuOIESSFORECASTINg:  OASFUEL  cellssgas  turbines:  T  2 
hydrogen; INTERNAL  COMBUSTION  ENGINES:  11  I METHANOL  (REV  IE wS  S 
STRATIFIED  CHARGE  ENGINES:  13. SYNTHET 1C  FUEL  S  *  TECHNOLOGY 

assessment:  oi  *02*03;  tec  oology  ut  ili /at  ion;  vehicles:  ts 
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STRENGTHENING  GF  BE T A— ALUM IN A 
MAY,  G.J. 

CHLORIDE  SILENT  POWER  LTD.  •  CHESHIRE*  ENGLAND 

grain  boundaries 

CONF —760*1  SG— 

F • I -F  *  7 

GRAIN  bUUNDARIES*  SPRING  RESIDUAL  CONFERENCE 
JERSEY*  UK 
9  APh  1976 

INSTITUTION  if  METALLURGISTS*  LONDON*  ENGLAND 
1976 

E OB -2 SO VO 3; 3602031360202 

EUB-2S0V03  .  , _  .  , 

BETA-ALUMINA  IS  A  COMPLEX  SODIUM  ALUM iNATfc  THAT  HAS  A 
RELATIVELY  HIGH  CONDUCTIVITY  FOR  SODIUM  IONS  IN  ThE  SOLID  STATE 
AfO  A  LOW  ELECTRONIC  CONDUCTIVITY*  IT  IS  USED  |N  THE 
SODIUM/SULFUR  BATTERY*  WHERE  IT  FUNCTIONS  bUTH  AS  AN 
ELECTROLYTE  FUR  SODIUM  I UNS  AND  AS  A  SEPARATOR  FOR  THE  TWO 
MOLTEN  ELECTRODE  S*  THE  HIGH  IONIC  CONDUCTIVITY  RESULTS  FROM  THE 
PRESENCE  OF  WIDELY  SPACED  PLANES  IN  THE  BETA-ALUMINA  L AT  ICE. 
BONDED  BY  OXYGEN  BRIDGES*  IN  WHICH  SODIUM  IONS  ARE  MOBILE;  BUT 

these  planes  finm  easy  cleavage  paths*  resulting  in  an 

INTRINSICALLY  WEAK  MATERIAL*  SATISFACTORY  STRENGTH  CAN* 

HOWEVER*  BE  ACHIEVED  WITH  A  SUFFICIENTLY  F 1NE -GRA I N-SI ZED 
MATERIAL*  PROVIDED  THAT  THERE  ARE  NO  DEFECTS  ABOVE  A  CRITICAL 
SUE*  A  FMACTOGRAPHIC  STUDY  WAS  CARRIED  OUT  TO  CHARACTERIZE  ThI 
GENERAL  FEATURES  OF  THE  FRACTURE  BEHAVIOR  AND  THE  INFLUENCE  OF 
GRAIN  SIZE  AM)  DEFECT  SWE  ON  THE  FRACTURE  STRENGTH*  The  EFFECT 
OF  SODIUM  ION  TRANSPORT  ON  THE  MECHAN ICAL  PROPERTIES  OF 
BE I A -ALUMINA  ARE  ALSO  DISCUSSED*  B  FIGURES* 

ALUMINIUM  OXIOLS:  T I (BATTERY  SEPARATORS:  03( CRACKS (CRYSTAL 

defects;electrulytes:  osifracture  properties:  ui*o2;ghain  size; 

ION  MOBILITY (MECHAN ICAL  PROPER T Its (Ml CROSTHUCTURE :  Ol*G2(SOO(UM 
IONS (SOD BUM  OX1DESS  T2; SCO  IOM- SULFUR  batteries:  T 3 
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RECENT  ADVANCES  IN  THE  DEVELOPMENT  OF  SOD IUM—  SULFUR  BATTERIES 
FOR  LOAD  LEVELLING  AND  MOTIVE  POWER  APPLICATIONS 
JUNE  S*  l*W* 

CHLOR I 0£  SlLtHT  POWER  LTD**  RUNCORN*  ENGLAND 
ELECTROCHIM*  ACTA*  V*  22*  NO*  7*  PP*  681-686 
JUL  1977 

EDB-260V01  (280903 


625 


PRIMARY  CAT 
AUGMtNl AT  I  ON 
AbSTH ACT 


DfcSCR  IPT  04  S 


ACCESSION  NO* 
TITLE IMUNO) 

EDITOR  OH  COMP 
COM Huff AT  C  AUlM 
RAGE  NO 
AVA1LAUICI IV 
CONTRACT  NO 
DATE 

CAT EGOR ItS 
PHI MAH V  CAT 
AUGMENTATION 
REPORT  NO 
AOS TM ACT 


DC  SCR  I PT  1*4  S 


E0B-2B090I 

ISO  RH/KC;  NA  FED  bV  WICK 

SOM  t  RLCtNT  fMOORESb  IN  THE  DESIGN  AND  DEVELOPMENT  OF 
SOD  I UM/ SULFUR  UATTfcMIES  FOR  MOTIVE  POWER  APPLICATIONS  ARE 
DESCRIBED*  THE  HISTORICAL  DEVELOPMENT  OF  CELL  DESIGNS  OVER  Tm- 
L AS 1  10  V  IS  REVIEWED*  ANO  INCLUDES  A  DISCUSSION  OF  OEVELOPMfcM 
PHOuLEMS  SUCH  AS  THE  DURABILITY  OF  bt  I  A— ALOM  |NA  AND  CORHOS  IO»« 

OF  THt  SULFUR  ELECT  MODE  COLLECTOR*  iHt  TUbUL AH  ELEC  TROLYTC  IS 
NO*  WIDELY  ADOPTED  AS  THl  PREFtRWED  DEVELOPMENT  OPTION*  AM  A 
CUMPuTEH  analysis  SHOWS  Thai  a  volumlthic  energy  density  of 
About  200  WH/L  IT  RE  CAN  BL  OBTAINED  IN  AN  OPTIMUM  DESIGN  OF  A 
BATTERY  INCLUDING  THERMAL  INSULATION*  AN  AOVANCEb  CELL  DESIGN 
WAS  ADOPTED  IN  WHICH  SODIUM  IS  FED  INTO  THE  ANOOIC  REACTION 

zc*4E  by  a  capillary  wick*  this  olsign  is  well  suited  to  the 

DEMANDS  of  mot 1VE  POWER  APPLICATIONS  IN  WHICH  THE  STORED  ENERGY 
HAS  TO  BE  SUM»L1E0  AT  ABOUT  THE  £H  RAIL*  THE  DESIGN  ALSO 
PERMITS  THE  USE  OF  LARGE  ELECTROLYTE  TUBES*  AT  LEAST  30  MR  01* 

X  500  MM  IN  LENGTH*  ANO  THIS  REDUCES  THE  BATTERY  MANUFACTURING 
COSTS*  A  LARGE  NUMBER  OF  EXPERIMENTAL  CELLS  WERE  TESTED*  AND 
OVER  6SX  UTILIZATION  OF  THE  SODIUM  AND  SULFUR  ACTIVE  MATERIALS 
WAS  ACHIEVED  FOR  REPEATED  CYCLING  OF  DEVELOPED  ELECTRODE 
CONSTRUCTIONS*  9  FIGURES* 

ALUMINIUM  OX  10 ESI ANODES!  O I • AUTOMOBILES* CATHODE S| CONNECTORS  S 
CUSTIOCSIGN:  u  IJEFFICIENCYI  ELECTRIC-POWERED  VEHICLES:  T2; 
ELECTROLYTES  ;H  IGH  TEMPERATURE  JMANUFAC  tUR  INGIOFF— PE  AX  ENERGY 
STORAGE  * PERFORMANCE  SR A IL WA VS S SUO 1 UM  OX  IDES S SODIUM-SULFUR 
batteries:  mi*o2 s thermal  imsulat ion; trucks: tubes 


79X004 to  74 3 

FUND/ERDA  SODIUM — SULFUR  BATTERY  DEVELOPMENT:  PHASE  1*  FINAL 

REPORT*  JUNE  !&•  1 9 75 - MARCH  3|  *  |97to 

WEINER*  S*  A • 

Fl*<U  MOTOR  CU*  •  DEARBORN*  Ml  I  USA  I .  SCIENTIFIC  ANO  RESEARCH  LAP* 
Jo 

DEP*  NT  IS*  PC  A04/MF  AOI* 

CONTRACT  EV-Tb-C-02-ifSBto 

JUL  IV76 

EUB-2SGVCI 

EDB-25GV01 

A  SUP  t'bto*  W/KG*  44  WH/KG 
1  ID - 2BVbV 

TIE  PRE -PILOT  FACILITY  FOR  THE  BATCH  PRODUCTION  OF 
*B£T  A* • * ALUM  IN A  TUBING  WAS  OESIGNEO  AND  REM)  DELED*  CRITICAL 
ITEMS  OF  CAPITAL  EQUIPMENT  WERE  SPECIFIED  AND  PLACED  ON  ORDER* 
WORK  BEGAN  ON  THE  CU4S1RUCT1UN  OF  THL  PRE— PILOT  SPRAY  DRYER  ANO 
T«  BATCH  ANO  CONTINUOUS  SINTERING  FURNACES*  PRELIMINARY 
CONTACTS  WERE  MADE  WITH  A  COMMERCIAL  VENDOR  OF  ISOSTATIC 
PRESSES  CONCERNING  THE  SPRAY  DRYING  OF  MATERIALS  SUITABLE  FOR 
AUTOMATIC  ISUbTATIC  PRESSING*  A  TENTATIVE  TESTING  PROGRAM  WAS 
ARRANGED  TO  PERM  IT  EVALUATION  OF  AUTOMATIC  ISOSTATIC  PRESSING 
EQUIPMLNT  FOR  EVENTUAL  PURCHASE  AND  INSTALLATION  IN  THE  PILOT 
PLANT*  CELLS  fNCORPORAT I NG  HIGH-POWER -Ot NS 1 T Y  ELECTRODE  OESlGN 
AFO  STAINLESS  STEEL  CONTAINERS  FOR  SOOKUM  AND  SULFUR  WERE 
DESIGNED*  CONSTRUCTED*  ANO  TESTED*  THE  FIRST  CELL  DELIVERED  AN 
AVERAGE  OF  2Bb  W/KG  DURING  ONE  DISCHARGE  CYCLE  AT  7S0  MA/CMtSOP 
21*  THE  ENERGY  DENSITY  WAS  44  WH/KG  AT  THIS  HIGH  CURRENT 
DENSITY*  WHttCAS  AT  SO  MA/CMSSUP  21  OVER  BO  WH/KG  COULD  BL 
REACHED*  THE  CELL  BECAME  NON-FARADAIC  AFTER  4S  DAYS  BECAUSE  OF 
CERAMIC  FAILLPE*  A  CELL  WITH  SEPARATE  COMPARTMENTS  FOR  CHARGING 
AND  DISCHARGING  AND  WITH  ELECTRODES  OPTIMIZED  FOR  EITHER  TASK 
WAS  TES1LD  SUCCESSFULLY*  EFFORTS  TO  DEVELOP  CORROSION  RESISTANT 
SULFUR  CONTAINER  MATERIALS  WERE  IN  IT  I TATED*  STATIC  SODIUM 
TET RASUL F | DC  CORROSION  TESTS  WERE  CONOUCTEO  AT  4 00* SOP  0*C  ON 
SUBSTRATES  WITH  ANO  WITHOUT  VARIOUS  SURFACE  TREATMENTS  ANO 
PROTECTIVE  COX  TINGS.  THE  RESULTS  SHOWED  THAI  ALUMINUM* 
MOLYBDENUM*  FERRITIC  STAINLESS  STEELS*  AND  INCONELS  SHOW 
VARYING  DEGREES  UF  PROMISE*  THE  FIRST  CELL  TESTED  UNO  EM  THIS 
PROGRAM  WAS  iHCXOOGHLV  EXAMINED  AFTER  FAILURE*  THE  COATING  OF 
GRAPHITE  FILLED  POLYPHENYLENE  RESIN  APPLIED  TO  THE  AIS1  44b 
STAINLESS  STEEL  CONTAINER  HAD  NOT  STOOD  UP  SATISFACTORILY 
PERHAPS  OWING  TO  OVERHEATING*  THERE  WERE  NO  SIGNS  OF 
DEGRADATION  UF  ANY  OF  THL  SEALS*  21  FIGURES* 

ALUM  IN  I UM  OX  IDES  I CONT  A IN ER  S I CORHOS ION | ELEC  T ROUES IELE C  TROL  V  TE  S 5 
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22 

OtP  *  NT  lb.  PC  A02/MP  A 0 1 • 

CONTRACT  b-3  l-l09-€NG“3b 

S.  INTER— AMERl  CAN  CONFERENCE  ON  MATER  I ALS  TEO**OLOGY 
SAU  PAULO.  BRAZIL 
b  NOV  I V7b 
197b 

PORTIONb  OF  OU CU RENT  ARE  ILLEGIBLE 

EDB-2SCVC3 

EOB >250903 

C0NF-7SI  1113—1 

LITHIUM - ALU  Ml  RUM/ 1  RON  SULFIDE  SECONDARY  BATTERIES  ARE  BEING 

DEVELOPED  FOR  USE  Ab  POWER  SOURCES  FOR  ELECTRIC  VEHICLES  AND  At 
STATIONARY  EMlRGY  STUMAuE  DEVICES  FOR  LOAD-LEVELING  ON  ELECT W 1 1 
UTILITIES.  T r€  COftHUSl VENE SS  OF  THE  ACTIVE  MATERIALS  AND  MOLTEN 
ELECTROLYTE  PLACES  SEVEftC  RESTRICTIONS  ON  ThC  TYPE  OF  MATERIALS 
THAT  CAN  Bt  USED  FOR  CURRENT  COLLECTORS.  SEPARATORS.  AND 
FEEDTHROUGH  INSULATORS.  (JUT-OF-CELL  AND  IN-CELL  TESTS  ARC  BEING 
CONDUCTED  TO  IDENTIFY  THE  MATERIALS  THAT  ARE  COMPATIBLE  WITh 
THIS  CELL  ENVIRONMENT.  Tht  CORROSION  TEST  PROCEDURES.  THE 
NATURE  AND  KINETICS  OF  THE  CORROSION  REACTIONS.  AND  THE 
DEVELOPMENT  AND  TESTING  OF  ELECTRODE  SEPARATORS  ARE  OISCUSSED. 
b  F IGURLS.  S  TABLES. 

aluminium  alloys; battery  separators:  g3;boron  nitrides; 
connEctohs:  o3 ;corros ion ;electric— powered  vehicles:  ti; 

ELECTRICAL  INSULATOHSSHIgh  TEMPERATURE; IRON  SULF IDtSIL ITHIUM 

alloysslithum  chlorides;litnium-sulpor  battcries:  01.02.13; 

MAGNESIUM  OXIDES  IMATERIALS:  UStOFF-PEAK  ENERGY  STORAGE*.  T2  ; 
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197b 

IN  GERMAN 
E  Ob-2  SO 90 1 
E  Ob -2  SO  VO  1 

UNCONVENTIONAL.  MECHARGAbLE  BATTERIES  HAVE.  IN  COMPARISON  VI Tn 
CONVENTIONAL  BATTERIES.  A  HIGHER  ENERGY  AND  POWER  DENSITY  AND 
LUNGER  LIFE  WHILE  BEING  LOWER  IN  PRICE.  ONE  OF  THE  MOST 
PHOMISING  NEW  TYPES  IS  THE  SOO I UM- SULPHUR  BATTERY.  THE  AUTHORS 
DESCRIBE  THE  PRINCIPLE  OF  OPERATION.  THE  STATE  OF  DEVELOPMENT 
AND  THE  APPLICATIONS  OF  THE  SOD lUM-SULPHUR  BATTERY. 

cap ac I t v ;chemi cal  reactions:  oi .compahat i ve  evaluations; 
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79R 003652 A 

SAFETY  AND  ENVIRONMENTAL  ASPECTS  OF  2  INC - CHLOR |NE  HYDRATE 

BATTERIES  FOft  ELECTRIC-VEHICLE  APPLICATIONS 

MODAL  I  .  S«;  FCFHIXSEN.  G.L.I  WhITTlESEV.  C.C.t  WAROE  •  C.J.; 
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PUBLIC  ACCEPTANCE  OF  HIGH-PERFORMANCE  COST-EFFECTIVE 
ZINC— CHLORUC  HYDRATE  BATTCRIES  FOR  THE  RANDOM-USE 
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tLECTM  1C -VEHICLE  APPLICATION  KILL  REQUIRE  MEET  INC  STRINGENT 
SAFtTV  A SO  ENV IROMMESTAL  RtUUl REMtNTS.  1  HE SE  REQUIREMENTS 
REVOLVE  MAINEV  AkOUNu  Int  QUESTION  OF  ACCIDENTAL  RkLtASt  AND 
SPREAD  OF  TOXIC  AMOUNTS  UF  CHLORINE  GAS,  THE  ONLY  POTENTIAL 
HAZARD  IN  THIS  BATTERY  SYSTEM.  AVAILABLE  INFORMATION  IN  THE 

areas  of  physiological  effects,  environmental  inpact,  ano 
GOVERNMENTAL  REGULATION  OF  CHLORINE  MERE  REVIEWED.  THE  OESlGN. 
OPERATION.  AM)  SAFETY  FEATURES  OF  A  FIRST  COMMERCIAL 
ELEC1R IC-VEHIC LE  bATTERV  WERE  CONCEIVED  AND  ANAL  V  Z  EO  FROM  THE 
CM.ORINC.  RELtASL  ASPECT.  TWO  TYPES  OF  ACCIDENT  SCENARIOS  WERE 
ANALYSED  IN  TERMS  OF  CHLORINE  RELEASE  RATES.  ATMOSPHERIC 
OISHERSIUN.  »€ALTH  HAZARD.  ANO  POSSIBLE  CLEAN-OP  OPERATIONS. 

THE  WORST-CASE  SCENARIO.  A  QUITE  IMPROBABLE  ACCIDENT.  INVOLVES 
1HL  SPILLAuL  OF  CHLORINE  HYDRATE  ONTO  THE  GROUND.  WHILE  THE 
OThLM  SCENARIO.  A  MORE  PfrObAfeLC  ACCIDENT.  INVOLVES  THE  RELEASE 
of  chlorine  gas  from  a  rlptured  battery  case,  heat-transfer  and 
CHLOR I NE -DISPERSION  MODELS.  OE VtLOPEU  TO  ANALYZE  THESE 
SCENARIOS.  ESTABLISH  A  FIRM  BASIS  FOR  A  COMPREHEN I  VC  AND 
FACTUAL  POSITION  STATEMENT  ON  THIS  TOPIC.  THE  RESULTS  OF  THIS 
PRELIMINARY  study  SUGGEST  THAT  ELECTRIC  VEHICLES  POWERED  bt 
APPROPRIATELY  DESIGNED  Z  INC— CHLOR  INt  HYDRATE  BATTERIES  WILL 
PUSE  NEGLIGIBLE  HEALTH  DR  ENVIRONMENTAL  HAZARDS  ON  THE  NATION'S 
STREETS  AND  HIGHWAYS.  B  FIGURES.  IA  TABLES. 

DESCRIPTORS  CHLORINE  COMKJUNOS*  DESIGN.  ELECTRIC  LOWERED  VEHICLES:  TIJ 

environmental  impacts:  02;  health  hazards ; hydrates idperat ion: 
regulations: safety:  02; zinc -chlorine  batteries:  01, T2 
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CARR.  P.i  SYHjNS.  P.C. 
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t ml  Costs  comprising  the  projected  selling  price  of  a  so-awh 

Z  INC— CHLOR  IF.*:  BATTERY  F  04  MDpIlE  APPLICATIONS  WERE  ANALYZED. 

this  analysis  is  predicated  on  a  battery  whose  engineering  and 
design  SPECIFICATIONS  are  WELL  crvsiallizeo.  such  a  design  has 
BEEN  PROPOSED  AND  A  PROCESS  PLAN  CONCEIVED*  THIS.  IN  TURN.  LEO 
TO  A  SIMULA ItD  MANUFACTURING  PLAN.  ThIS  ANALYSIS  SHOWED  THAT  NO 
CRITICAL  RESOJRCLS  DR  COMPLEX  MANUFACTURING  OPERATIONS  ARE 
RLUUIREU.  THE  PROJECTED  COST  PRESUMES  A  PRODUCTION  LEVEL  OF 
25.000  BATTERIES  PER  YEAR.  IN  THAT  CONTEXT.  A  SELLING  PRICE  WAS 
ESTIMATED.  IN  *I0“1977  DULLAkS •  TO  BE  tlfcwS  PtK  BATTERY  OR 
SJ3/KWH.  TmIS  price  EXCLUDES  The  BAIIeRV  CHARGER.  FOR  WHICH  AN 
ADDED  SAGO  (VS/XWH)  IS  CUNSIOERED  REASONABLE.  6  FIGURES.  19 
TABLES. 
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THIS  REPORT  CONSIDERS  ELECTRIC  BATTERY  STORAGE  FOR  ON-SMfc 
PHOTOVOLTAIC  TOTAL  ENERGY  SYSTEMS  FOR  RESIDENCES.  IN  A  SCRIES 
OF  SEQUENTIAL  TASKS.  The  FOLLOWING  TOPICS  WERE  AOORESSEO:  (I) 
OVERALL  SYSTEM  ANALYSIS  (FOR  SEVEN  U.S.  REGIONS);  (2) 

FORMULATION  \W  BATTERY  CUMPONfeNT  REQUIREMENTS;  (3)  CONCEPTUAL 
OESlGN;  (A  I  BATTERY  SYSTEM  EVALUATION  ANO  SCREENING!  (S) 
PRELIMINARY  LESION}  ANO  161  RESEARCH.  DEVELOPMENT.  AND 
UTILIZATION  ICUilREMENTS.  THE  RESULTS  OF  THIS  ANO  OTHER  STUDIES 
INDICATED  THAT  I  II)  the  overall  photovoltaic  on-site 
RESIDENTIAL  TOTAL  ENERGY  SYSTEM  WILL  EVENTUALLY  be  VIABLE  IN 
ALL  REGIONS  OF  THE  COUNTRY  IF  THE  1966  NATIONAL  PHOTOVOLTAIC 
PROGRAM  GOALS  ARE  ACHIEVED  ANO  THERE  IS  A  MODEST  GOVERNMENT 
PRE -COMMLRC I Ag IZATION  PROGRAM.  (2)  THE  OPTIMIZED  BATTERY 
ELECTRICAL  STORAGE  SYSTEM  CAPACITY  WILL  BE  ABOUT  20 
KILOWATT -HOOK*.  (31  THE  BATTERY  WILL  ENHANCE  THE  SYSTEM'S 
PERFORMANCE  by  both  increasing  the  ENERGY  DISPLACEMENT  by  SOLAR 
ANO  REDUCING  TrC  OVERALL  SYSTEM  COST  AS  RELATED  TO  ENERGY 
DISPLACEMENT.  (A  I  THE  BATTERY  SYSTEM  MOST  SUITED  AND  MUSI 
ECONOMICAL  TO  RESIDENTIAL  USAGE  IS  THE  ADVANCED  TECHNOLOGY 
LEAD-ACID  BATTERY.  INSTITUTIONAL  FACTORS  WfRL  CCMSIDEREDj  THERE 
APPEARS  TO  BL  M3  SEVERE  PROBLEM.  ESPECIALLY  IF  ANTICIPATED 
PROBLEMS  ARE  AOORESSEO  EARLY.  A  LONG-RANGE  PROGRAM  IS  SUGGESTED 
TO  DEVELOP  THC  BATTERY  SUBSYSTEM  AMj  TO  COMBINE  IT  WITH  The 
ASSOCIATED  POWER  COMO IT  ION IMG  ANO  OTHER  RELATED  EQUIPMENT,  SO 
THAT  THE  ENTIRE  ELECTRICAL  SYSTEM  REOUIREO  FOR  OPERATION  OF  THfc 
PHOTOVOLTAIC  ARRAY  CAN  BE  DELIVERED  AS  A  SINGLE  PACKAGE. 

BATTERY  CHANGING ICOSTIDESIGN:  Ql .G3JELECTR 1C  BATTER I ESI ENC  MOV 

storage  systems:  qi ievaluat ion:  us: insolation: lead -acid 
batteries:  t 3i maintenance: mathematical  nooelsiphotovoltaic 
power  plants:  ti ,02 iregi  imal  analy si  sires ident ial  buildings:  t*i 
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PRESfcNT  TECHNICAL  SITUATION  CONCERNING  LEAO  TRACTION  bATTLMILS 
f  04  INUUSTH1N.  TRUCKS 
MEMNL,  Hs  A  • 

VAN  T A  MATTER  IE  A  •  G •  •  KELKHE1M  <  GERMANY  •  Fa  W*  )  •  FQRSCHuNCS-  0*0 
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V  AR I A  SPEZ-  REP. *  NO.  2*  PP .  blT-623 
I  977 

IN  GERMAN 

LDE-2S0VG2 

EOb~2S0V02 

THE  AUTHOR  GIVES  A  ME V  IE V  ON  THE  TECHNICAL  STATE  IN  LEAD 
TRACTION  MATTERIES  ACHIEVED  SO  FAR  AND  ON  THE  PROSPECTS  FOR 
FURTHER  IMPROVEMENTS.  THE  CELL  AND  MATTERY  TRAY  STANDARDS  ARE 
COMPILED.  DATA  AND  INFORMATION  ON  PO«ER  DENSITY.  LlFET IMfc • 
CHARGING  TECHNIQUE  ANO  MAINTENANCE  ARE  GIVEN.  THE  PRACTICALLY 
ACHlE VAbLE  LIMIT  FOR  THE  POMLR  DENSITY  IS  AMOUT  JS-*0  «H/KG. 
FULL  MAINTENANCE  IS  NOT  POSSIBLE  MlTHOUT  ADDITIONAL  EQUIPMENT. 
CLOSED  tLtCTUDLVTE -TIGHT  PLASTIC  VESSELS.  MELDED  PLASTIC  LIDS 
AR)  COMPLETELY  seal to -OFF  POLES  result  IN  MATTERIES  THAT  ARE 
EXTERIORLY  COMPLETELY  DRY  ANU  POSSESS  THEREFORE  AN  EXCELLENT 
INSULATION  RLS1STANCE.  AOOITIUNAl  EQUIPMENT  SUCH  AS  A  CENTRAL 
MATER  RE -FILLING  SYSTEM  Ut  GAS  DRYING  STOPPERS  HAVE  bfcCN 
DEVELOPED  MY  V  AMT A  AND  ARE  NO*  ME tNG  PRACTICALLY  TES1ED. 
MATTERY  CHARGERS ;bATTERY  CHANG 1NG SECONOM ICS  I ELEC TR 1C  POWER; 
ELECTRIC -POWER  ED  VEHICLES:  T28LEAD— ACID  BATTERIES:  11*02  8 
MAINTENANCE (PERFORMANCES  Ul$POMER  OENS IT V IRE  V  I EMS S  Ul (SERVICE 
LIFE (STANDARDS 
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PERSPECTIVES  FOP  FUTURE  INACTION  BATTERIES 
SCHBANTZ 

VINT  A  BATTERIE  A.G..  KELKHEIM  I  GERMANY.  F.tS.I.  FORSCHUNGS-  UNO 
ENT B I CKLUNGSZE  N1 RUN 

VANtA  k»U>  REP.  .  NO.  I.  PP.  *B*-4*b 

mr 

IN  GERMAN 
EOb'ZSGVGZ!  33040  V 
CU>-2bOVOk’ 

TfC  AUTHOR  UISCUSSES  TMt  FUTOME  PROSPECTS  OF  THE  BATTERY 
SYSTEMS  PR  UP  US  EU  FOR  DRIVING  VEHICLES.  THE  POBER  DENSITY  OF  THE 
GtAD  ACCUMULATOR  CAN  BE  IMPROVED  UPON  BV  INCREASED  UTILIZATION 
OF  MASS.  IT  IS  ALSO  POSSIBLE  TO  MEDUCE  The  MAINTENANCE 
EXPENDITURE  BY  USING  A  CATALYTIC  BATEH  RECOMbINER  OR  BY  A 
CENTRAL  GAS  tSCAPING  AND  BATER  REFILLING  SYSTEM.  APPLICABLE 
LUB -TEMPERA TIME  ACCUMULATORS  BlTH  ABOUT  DOUBLE  THE  POBER 
DENSITY  OF  TfC  LEAO  ACCUMULATOR  ARE  EAPtCTEO.  PERHAPS  FOR  THE 
EIGHTIES.  THERE  ARE  STILL  CONSIDERABLE  PRObLEMS  YET  TO  BE 
SOLVED  IN  MIWt-ILMPENATUHL  ACCUMULATORS  REGARDING  OPERATIONAL 
BEHAVIOR  LIFETIME  AND  SAFETY.  THE  FUEL  CELL  COULD  SlAfSTITUIE 
TIC  COMBUSTION  MOTOR  IN  THE  FAR  FUTURE.  IT  IS.  HOBEVER.  MORE 
C  IMPLICATED  ANU  THUS  ALSO  MORE  EXPENSIVE  THAN  AN  ACCUNIA.AT0R  . 
COMPARATIVE  EVALUATIONS!  ECONOMICS  {ELECTRIC  BATTERIES!  02.19! 
ELECTRIC-PUBERLU  VEHICLES!  Til ELECTROCHEMICAL  CELLS! 

F CM t CAST ING !  GJiFUEL  CLLLS ILEAO-AC ID  BAT1ER1ES!  Tl.UZi 

maintenance i rfohmance:  oi ;re combine t ionibaier 
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THE  PRINCIPLE.  AND  THE  PRESENT  STATE  OF  OtVELOPMEN!  OF  ImC 
SCAJ  IUM--SULF  IX  BATTERY  Ant  SORVfcYED.  AN  ASSESSMENT  OF  WML  T HE  f< 
BATTER  It b  OF  THIS  KINO.  AS  A  SUPPLE Me NT  FOR  PUMP t O-S T Ow ACE 
PLMtR  ST  AT  IONS  AND  GAS  T  IX  b  INC.  S.  ARE  TECHNICALLY  AND 
ECONOMICALLY  FEASIBLE  FOR  BAi_ANC  I  NO  OUT  PEAK.  LOADS  IS  MADE.  1C 
FlCURtS.  2  T  AbLE  S. 

DLSCH1PTCXS  DESIGN;  ECONOMICS  IfcNfcRGV  STURAGfc  SYSTEMS:  03 .04  ;FE  ASU»  I L  I  T  Y 

STUDIES J FOSSIL -FUEL  POWER  PLANTS:  T«iGAS  TURBI Nt S i OFF -PC A< 
ENERGY  STCIRAOC  :  T  |  ;PtPFONMANCL  ;PL ANN  1  no; PUMPED  STURAut  PUWLR 
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DESIGN  OF  A  Li TH 1UM/ SULFUR  BATTERY  FOR  LOAD  LEVELING  ON  UTILITY 

networks 

IVINS*  R.O.l  CHILENSKAS*  A.A.J  KOLBA.  V.M. S  TOWLE •  W.L.S 
NELSON.  P. A • 

ARGONNC  NAT1CWAL  LAb. .  IL 

PROCEED  I NGS  UF  1 V7S  IEEE  SOUTHEASTCON  REGION  3  CONFERENCE. 

VOLUME  I.  ELECTRICITY:  AN  EXPANDING  TECHNOLOGY 

CONF-7SOAOS--P  1 

30.2. 1—30.2. V 

IEEE  SOUTHEASTCON 

CHARLOtTL.  NC.  USA 

7  APR  IV7S 

INST.  OF  ELECTRICAL  AND  ELECTRONICS  ENGINEERS.  INC..  NEW  YORK 
1V7B 

E0B-2S0V0I  1200107 
Cr'  -2 SOSO  I 

1.  CM-OIA.  I  SO -AM  CELLS  OPERATING  AT  400  TO  4 SOS SUP  ©SC  WITH 
ISO  *H/KG.  GROUPED  TO  FORM  1000  V  SYSTEM 

A  BATTERY  U"  LITHIUM - ALUM  I NUM/L I  CL - KCL /FERROUS  SULFIDE  (FESI 

CELLS  HAS  Ptiu  DESIGNED  FOR  TESTING  IN  THE  BATTERY  ENERGY 
STORAGE  TEST  I  BEST)  FACILITY.  THE  BATTERY  DESIGN  PROVIDES 
STORAGE  UF  10  MWH  WITH  A  7-M  CHARGE  AND  I 0-H  DISCHARGE.  AS 
SPECIF !EO  FOR  THE  BEST  FACILITY.  Tr*  CELL  DESIGN  IS  BASED  ON 
AM.  ENGlNELMlNt~SCALE  CELLS  (13-CM-OIA.  ISO  AHl  .  OPERAND  AT 
400 — 4SG4SUP  0  »C •  WHICH  HAVE  DEMONSTRATED  SPECIFIC  ENERGIES 
btCMLM  THAN  ISO  WH/KG.  CELLS  HAVING  FtStSUB  2%  POSITIVE 
ELfClRUGES  W 1 V H  MOLYoDENuM  CURRENT  COLLECTORS  ANU  CELLS  HAVING 
FIs  PUS  HIVE  ELECTROOLS  »1  TH  IRON  CURRCNi  CDLLECIURS  AKt  £»f  I  NO 
UcVLLUPED.  TH:  CELL  DESIGN  AND  COST  ESTIMATES  MAUI  IN  ThIS 
STUDY  HAVE  AS61MED  THE  USE  OF  FES  ELCCTRODES  AND  IRON  CURRENT 
COLLECTORS.  HERMETICALLY  SEALtD.  MULT IPLt -PAR ALLtL-PL ATE 
SUBMODULES  CAPABLE  OF  I OGO-A  DISCHARGES  HAVE  BEEN  OESIGNED. 
ARRAYS  OF  TFitSfc  SuBMUOULtS  AMfc  ARRANGED  IN  SERIES  10  PROVIDE  A 
NOMINAL  IvGO-V  BATTERY  SYSTEM.  PERFORMANCE  CHARACTERISTICS 
BASEU  UN  ACTUAL  CELL  OAT  A  HAVE  BEEN  CALCULATED  FOR  AN 
A IR— COULED  BATTERY  SYSTEM.  ENGINEERING  CALCULATIONS  HAVE 
INCLUDED  CELL  AND  SUBMOOULE  TEMPERATURE  DISTRIBUTIONS.  HEAT 
TRANSFER  AND  POWER  REQUIREMENTS  WERE  ALSO  DETERMINED  TU  SIZE 
DUCTS  AND  WLOWEk.  VARIOUS  VERSIONS  OF  FULL-SCALE  CELLS  OF  THL 
LIlHlUM—  ALUMINUM/ 1  RON  SULFIOC  SYSTEM  ARE  BEING  DESIGNED  FUR 

order  from  commercial  suppliers,  material  and  manufacturing 

COSTS  WERL  ESTIMATED  FOR  THESE  CELLS.  PROCESS  FLOWSHEETS  AS 
WELL  AS  PLAN1  AND  EQUIPMENT  LAYOUTS  WERE  UEVl LOPED.  AND 
EUUIPMLNT  SIZES  AND  MANPOWER  LEVELS  WERE  UEIERMINlO  AS  A  BASIS 
FUR  ESTIMATING  MANUFACTURING  COSTS.  THE  SELLING  PRICE  OF 
S27/KWH  WAS  ESTIMATED  FOR  BATTERY  SUBMODULES  BASED  ON  A  PLANT 
CAPABLE  OF  P+OUUCING  BOOM  0.92-KWH  CELLS  PER  DAY.  THIS  INCLUDES 
A  ESS  RETURN  ON  INVESTMENT  BEFORE  TAXES.  6  FIGURES.  6  TABLES. 
ALUMINIUM  ALLDYSSCOSTS  QISDESlGN!  OISHlGH  TEMPERATURE • IRON 
SVA.F  lDt  SIL1  THt  CM  ALLOYS  1  LI  TH  I  UR  CHLOR  IDESILI  THlUR— SULFUR 
UATTERILS:  M  |.  02  I  OFF -PEAK  ENERGY  STORAGE:  M2  {PERFORMANCE  S 
POTASSIUM  CHLORIDES  JPYRI  IE  {SPEC  IF  | CAT  IONS 
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abstract  a  feuerally  supported  battery  development  program  has  been 

UM3ERVAV  AT  AR DONNE  NAT  1 LHAL  LABORATORY  SINCE  1973  THAI  IS 
UIRbCTEO  TO  THE  DEVELOPMENT  ANO  COMMERCIALIZATION  OF 
HIGH-ENERGY  BATTERIES  THAT  MCE  T  NATIONAL  NEEDS.  THIS  PR  OCR  A. 

HAS  RECEIVED  A  HIGH  NATURAL  PRIORITY  FROM  THE  ENERGY  RESEARCH 
DEVELOPMENT  ADMlNl STRAT ION  ( ANO  PREVIOUSLY  THE  ATOMIC  ENERGY 
COMMISSION!  KITH  APPROPRIATE  R  AND  D  FUNDING  BECAUSE 
ACHIEVEMENT  V  THE  PROGRAM  GOALS  IS  PERCEIVED  AS  HAVING  A 
POTENTIALLY  IMPORTANT  IMPACT  UPON  THE  ENERGY  RESOURCES  IN  THE 
U.S.  THE  COMMERCIAL  PRODUCTION  OF  HIGH-ENERGY -OENSI  TV 
BATTERIES.  IF  PRODUCED  AT  COSTS  THAT  ARE  ATTRACTIVE.  CAN  RESOLT 
IN  THE  REDUCTION  OP  PETROLEUM  CONSUMPTION  IN  APPLICATIONS  SUCH 

as  utility  Peak-shaving  cx  personal  transportation,  this  mould 

BE  ACCOMPLISHED  BY  SHIFTING  THESE  APPLICATIONS  AVAV  FROM 
PETROLEUM-FUELED  COMBUSTION  TURBINES  ANO  INTERNAL  COMBUSTION 
ENGINES  TO  BATTERY  PEAKING  PLKNTS  FOR  UTILITIES  AND 
BATTERY— PO  VC  Mi  O  AUTOMOBILES  MH1CH  CAN  USE  ELECTRICITY  PRODUCED 
FROM  ENERGY  SOIMCES  SUCH  AS  COAL  OR  NUCLEAK  FUEL.  THE  ENERGY 
STORAGE  THAT  IS  PROJECTED  FOR  MATURE  LITHIUM/METAL  SULFIDE 
I  LI  /MS  I  BATTERIES  IS  ABOUT  A  TO  S  TIMES  THAT  OF  TODAV*S 
LEAD — ACID  BATTERY  PER  UNIT  BEIGHT  ANO  ABOUT  3  TO  A  TIMS  PER 
UNIT  VOLUME.  ACHIEVEMENT  OF  THESE  PERFORMANCE  GOALS  ANO  TnE 
COST  GOALS  FOR  TML  CELLS  OF  S2Q  TO  S3S/KMH  vOULD  MAKE  THIS 
SYSTEM  VtRT  ATTRACTIVE  FIN  MANY  APPLICATIONS  OF  COMMERCIAL 
INTEREST.  A  FIGURES.  S  TABLES. 

uescniptoms  aluminium  alloys  s automob  ills  tcoMMtRCl alIZat ion:  oiicost: 

CLECTH  IC-POVERED  VEHICLES:  T3ILITHIUN  ALLOYS ;Ll  THIUM-SULFUR 
BATTERIES!  T I. 02 .03 iMARKLT IMAT ERI ALSI OFF -PEAK  ENERGY  STORAGE: 
72.PLANNINGI  SULF  IOESI TEC79IOLOGY  TRANSFER  ITRUCKS 
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HIGH-PERFORMANCE  BATTERIES  FOR  STATIONARY  ENERGY  STORAGE  ANO 
ELECTRIC-VEHICLE  PROPULSION.  PROGRESS  REPORT.  JANUARY— MARCH 
I97B 

NELSON.  P.A. 

ARGONNE  NATIONAL  LAB..  IL  IUSAI 
B* 

OEP.  NT  IS,  PC  AOB/MF  AOI. 

CUN T  RAC  T  V— 31— 109-CNG— 30 
JUL  1970 
EDO— 2S090 | 

EDO— 2S090I 
ANL — 78-AB 

THIS  REPORT  COVERS  RESEARCH,  DEVELOPMENT.  ANO  MANAGEMENT 
ACTIVITIES  ON  LI TMI UN/Mt  TAL  SULFIDE  BATTERIES  DURING 
JANUARY— MARCH  1978.  THESE  BATTERIES  ARE  BEING  DEVELOPED  FOR 
ELECTRIC-VEHICLE  PROPULSION  ANO  FOR  STATIONARY  ENERGY  STORAGE 
APPLICATIONS.  THE  PRESENT  CELLS.  VHICH  OPERATE  AT  400  TO 
SOOSSUP  0»C.  ARE  OF  A  VERTICALLY  ORIENTED.  PRISMATIC  DESIGN 
VITM  ONE  ON  MIRE  POSITIVE  ELECTRODES  OF  METAL  SULFIDE  IUSUAlLV, 
FES  OR  FESSSUB  201.  FACED  ON  BOTH  SIDES  BY  NEGATIVE  ELECTRODES 
OF  LIThIgM-ALUHINUM  OR  LITHIUM-SILICON  ALLOY.  THE  ELECTROLYTE 
IS  MOLTEN  LIO.-KCL  EUTECTIC  IM.P. .  3S2SSOP  OSCI.  AN  IMPORTANT 
ADVANCE  IN  CELL  DESIGN  WAS  TH*  SUCCESSFUL  DEVELOPMENT  OF 
MULTIPLE-ELECTHOOt  CELLS.  VHICH  HAVE  HIGHER  SPECIFIC  ENERGY  ANO 
SPECIFIC  POVER  THAN  THE  EARLIER  B 1  CELL  I  ONE  POSITIVE  ELECTRODE  I 
DESIGNS.  A  MAJOR  OBJECTIVE  OF  THIS  PROGRAM  IS  TO  TRANSFER  THE 
TECHNOLOGY  TO  INDUSTRY  AS  IT  IS  DEVELOPED.  THE  MOST  SIGNIFICANT 
EVENT  DURING  THIS  PtRlOU  VAS  THE  INITIATION  OF  AN  EFFORT  TO 
DESIGN.  DEVELOP.  ANO  FABRICATE  A  «0-KVH  ELECTRIC— VEHICLE 
BATTERY  IMAMk  IA).  THE  HARK  IA  IS  SCHEDULED  FOR  TESTING  IN  A 
VAN  EARLY  IN  1«TV.  CONCEPTUAL  DESIGN  STUDIES  OF  A  100  MVH 
EFCHGY— STORAGE  PLANT  ARE  UNOER  VAV .  IN-HOUSE  EFFORTS  CONTINUED 
ON  CELL  ANO  BATTERY  DEVELOPMENT ,  MATERIALS  DEVELOPMENT  ANO 
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THE  BASIC  NEED  IN  DEVELOPING  PRACTICAL  ALL-ELEC TH I C  VEHICLES 
FOR  URBAN  TRANSIT  WITHIN  THE  USSR  IS  THE  DEVELOPMENT  OF 
ADEQUATE  ELECT  RUCHE M 1C AL  POWER  SOURCES*  THESE  SOURCES  MUST  Bt 
RELIABLE*  CORRESPOND  TO  ESTABLISHED  SOVIET  INDUSTRIAL  AND 
AUTOMOTIVE  STANDARDS*  AND  SATISFY  PREDETERMINED  DRIVING  AND 
CLIMATIC  SPECIFICATIONS*  THREE  TYPES  OF  ELECTROCHEMICAL  POWER 
SOURCES  BEING  CONSIDERED  IN  THE  USSR  ARE  DISCUSSED* 

CONVENTIONAL  LEAP-ACID  AND  ALKALINE -TYPE  STORAGE  BATTERIES; 
ELECTROCHEMICAL  FUEL  CELLS!  AND  ADVANCED*  UNCONVENTIONAL.  HIGH  — 
E^tRGY— TYPE  TRACTION  BATTERIES  ARE  DISCUSSEO*  THE  SOVIETS 
INITIALLY  STtCS&ED  THE  DEVELOPMENT  OF  LEAD-ACID  TRACTION 
BATTERIES  FUR  ALL-ELECTRIC  VEHICLES*  BUT  AFTER  FINDING  THEIR 
DRAWBACKS  TO  BE  LOW-ENtRGY  DENSITY  AND  POOR  LOW— TEMPER AT UR t 
CHARGE /DISCHARGE  CHARACTERISTICS*  THEY  SHIFTED  THEIR  TRACTION 
BATTERY  RESEARCH  EFFORT  TO  ALKALINE  SYSTEMS*  THE  DEVELOPMENT  OF 
ALKALINE  TRACTION  BATTERIES  SATISFIES  BOTH  DRIVING  RANGE  AND 
LOW— TEMPER AT iAE  REQUIREMENTS*  THE  SOVIETS  HAVE  INVESTIGATED  AND 
oemonstmated  fuel  cells  fur  electric  ground-propulsion 
APPLICATIONS*  ESTABLISHED  AN  EXTENSIVE  THEORETICAL  AND 
FUNDAMENTAL  UA  TA  BASE*  BUT  HAVE  NOT  PROGRESSED  BEYOND  THE 
ADVANCED  DEVELOPMENT  STAGE*  THEY  HAVE  CONDUCTED  BASIC  RESEARCH 
Ate  LIMITED  EXPLORATORY  DEVELOPMENT  OF  UNCONVENTIONAL  HIGH 
EftftRGV  BATTERY  SYSTEMS*  THESE  BATTERIES  COUPLE  STRONG  ALKALINE 
EARTH  METALS  AS  ANODES  AMD  STRONG  OXIDANTS  SUCH  AS  HALOGENS  OR 
CHALCOGENS  AS  CATHODES*  AN  ANALYSIS  UF  ALL  THESE  POTENTIAL 
ELEC T ROC tC Ml CA L  COUPLES  HAS  RESULTED  IN  THE  SODIUM-SULFUR •  ANO 
LITHIUM— SULFtA  BATTERY  SYSTEMS  AS  THE  MOST  PROMISING 
UNCONVENTIONAL*  HIGH-ENERGY  BATTERY  TYPES  FOR  FUTURE  (BEYOND 
19WS)  ELECTRIC  VEHICLE  APPLICATIONS* 
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THE  SODIUM — SULFUR  BATTERY  Is  REVIEWED  AND  EXPERIMENTAL  RESULTS 
ARE  PRESENTED.  THE  EXPERIMENTAL  CELLS  MERE  CAPABLE  OF 
DELIVERING  STEADY-STATE  POBER  DENSITIES  AS  HIGH  AS  SO  W  KGASUP 
-IS  AND  ENERGY  DENSITIES  AS  HIGH  AS  2SG  «H  RGSSUP  -IS.  THE 
THE ORE T I CAL  OPEN  CIRCUIT  VOLTAGE  OF  2.06  V  BAS  OBSERVED  IN  ALL 
CASES.  CELL  PULAR IZ AT  ION  BAS  LIMITED  OV  CELL  INTERNAL 
RESISTANCE*  WHICH  BAS  ATTRIBUTED  LARGELY  TO  THE  RESISTANCE  OF 
THE  ABC  T  AS  — ALU Ml NA  ELECTROLYTE.  THE  ••ASYMMETRY  EFFECT**  IS 
EXPLAINED  IN  TERMS  OF  AN  ELECTRODE  BLOCKAGE  MECHANISM  INVOLVING 
POLY  SULFIDES.  THE  SODIUM — SULFUR  BATTERY  APPEARS  TO  BE 
TECHNICALLY  FEASIBLE  AS  THE  POBEH  SOURCE  FOR  AN  ALL-ELECTRIC 
VEHlCLt.  S  F  IGURES*  b  TABLES*  ISO  REFERENCES. 
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ABSTRACT  LIThIUN/|RON  SULFIDE  BATTERIES  ARE  BEING  DEVELOPED  AT  ARGlINNC 

NATIONAL  LABCRATORV  I ANL I  FOR  USb  AS  PObER  SOURCES  FOR  ELECTRIC 
VEHICLES  AND  PGR  STATIONARY  ENERGY  STORAGE  DEVICES  FOR  LOAD 
LEVELING*  AN  IMPORTANT  PART  OF  THE  BATTERY  PROGRAM  INVOLVES 
SUBCONTRACTS  BlTH  VARIOUS  INDUSTRIAL  FIRMS*  THE  OBJECTIVES  OF 
THE  INDUSTRIAL  SUBCONTRACTS  ARE  TO  TRANSFER  THE  ANL  TECHNOLOGY 

to  industry*  augment  the  cell  and  battery  development  conducted 

at  ANL*  DEVELOP  SOURCES  FOR  MATERIALS  ANO  COMPONENTS*  OtVtLOP 

fabrication  procedures*  and  fabricate  test  cells  and  batteries. 

THIS  PAPER  DESCRIBES  THE  NATURE  OF  ThL  INDUSTRIAL  PARTICIPATION 
IN  THE  ANL  BATTERY  PROGRAM  ANO  THE  PROGRESS  THAT  HAS  BEEN  MA DC 

IN  THE  development  IBID  fabrication  OF  industrial  cells*  EALly 

IN  1975*  ANL  INITIATED  CELL  DEVELOPMENT  AND  FABRICATION 
CONTRACTS.  SINCE  THE  INITIATION  OF  CELL  FABRICATION  BY  THE 
|f*>US  TRIAL  FftRPb*  ANL  HAS  FABRICATED  ONLY  SMALL  RESEARCH  CELLS 
AND  ENGINEERING  CELLS  BlTH  UNIQUE  FEATURES.  IN  ORDER  TO 
EVALUATE  PROCESS  IN  THE  DEVELOPMENT  OF  CELLS  FABRICATED  BY 
I  P©US  TRIAL  S  LB  CONTRACTORS*  ANL  HAS  USED  AUTOMATED  QUALIFICATION 
TESTING*  INDUSTRIAL  CELLS  THAT  CONTAINED  FESSSUB  24  IN  ThE 
POSITIVE  ELECTRODE  HAVE  ACHIEVED  A  SPECIFIC  ENERGY  OF  100  WM/kG 
AT  A  4-H  DISCHARGE  RATE  AND  A  PEAK  POBER  OF  100  B/KG*  SOME  OF 
THESE  CELLS  HAVE  SHOBN  GOOD  PERFORMANCE  FOR  UP  TO  300  0E£P 
DISCHARGE  CYCLES.  INDUSTRIAL  CELLS  THAI  CONTAINED  FES  IN  THE 
POSITIVE  ELECTRODE  HAVE  MAINTAINED  GOOD  PERFORMANCE  THROUGH 
1000  DEEP  DISCHARGE  CYCLES*  PRESENT  CELL  DEVELOPMENT  EFFORTS 
ARE  DIRECTED  TOWARD  IMPROVING  SPECIFIC  ENERGY  AND  POBER  IN  ThE 

cells  that  contain  pcs  and  improving  cycle  life  in  cells  that 


CONTAIN  F£S»bAJB  il.  IN  lG7to.  ANL  INI  T  I ATCD  A  CONTRACT  FOR  TMt 
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A  HISTORICAL  REVIEW  IS  GIVEN  OF  THE  DEVELOPMENT  OF  LEAD— AC  10 
BATTERIES  IN  VIEW  OF  THEIR  POSSIBLE  USE  IN  ELECTRIC  VEHlCLtS* 
in  SEVENTIES  have  witnlssed  a  MULTITUDE  of  developments* 
COMPUTER  DESIGN  PROGRAMS  HAVE  BEEN  DEVELOPED  TO  INSURE  UNIFORM* 
OPTIMUM  UT IL 12  AT  I UN  OF  ACTIVE  MATERIALS  ANO  GRID  METAL* 
IMPROVEMENTS  IN  GRID  MANUFACTURING  TECHNlUUES  HAVE  ALLOWED  THt 
USE  OF  DESIGNS  WHICH  REDUCE  WEIGHT  AND  IMPROVE  PERFORMANCE* 

GRID  ALLOY  AftO  ACTIVE  MATERIAL  CONSTITUENTS  HAVE  BEEN  THE 
SUBJECT  OF  INTENSIVE  INVESTIGATION  AND  OPT IM 1ZA T ION*  THIS  HAS 
LEO  TO  THE  INTRODUCTION  OF  ALLOYS  WHICH  HAVE  BETTER  ELECTRICAL 
CUWUUCT  IVITV  AND  REDUCE  WATEk  LOSS  AS  WELL  AS  ACTIVE  MATERIAL 
FORMULATIONS  WHICH  PRUDUCE  GREATER  COULOMB  I C  EFFICIENCY. 

oesignselcc tri c— powered  vehicles:  tislead-acio  batteries:  t?.oi 

MATER  I ALSiRt Vl EWS 5  TECHNOLOGY  ASSESSMENTS  02 


ACCESSION  NO* 
TITLE 
authors 
author  aff 

PUB  DE SC 
DATE 

CATEGORIES 
PRIMARY  CAT 
ABSTRACT 


DESCRIPTORS 

SPLITS 


7VJOOO2270 

MATERIALS  REQUIREMENTS  FIX  HIGH  PERFURMANCE  SECONDARY  BATTERIES 
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A  REVIEW  IS  PRESENT  EO  OF  THE  MATERIALS  PROBLEMS  IN  SECONDARY 
MATTERY  sysiems  THAT  show  promise  for  use  as  power  sources  FOR 
VEHICLE  PROPULSION  AND  AS  STATIONARY  ENERGY  STURAGE  DEVICES  FOR 
UTILITY  APPLICATION*  MATERIALS  FOR  AMBIENT •TEMPERATURE 
BATTERIES  ARE  REVIEWED  BRIEFLY*  AND  THOSE  FOR  TWO  ADVANCED 
SYSTEMS*  SOO I UM/ SUL FUR  ANO  L ITH lUM/ME T AL  SULFIDE*  ARE  DESCRIBED 
MORE  FULLY*  IN  BOTH  SYSTEMS*  THE  SEVcRt  CORROSIVENESS  OF  THE 
CELL  ENVIRONMENT*  THE  HIGH  TEMPERATURE  OF  OPERATION*  AND  THE 
REOUIREMLNIS  OF  LOW  COST  AND  WEIGHT  PLACE  DEMAND  RESTRICTIONS 
ON  MATERIALS  OF  CONSTRUCTION*  MATERIALS  DEVELOPMENT  EFFORTS  IN 
ARGONNE  NAT1CMAL  LABORATORY  *S  L ITH lUM/ME  TAL  SULFIDE  BATTERY 
PROGRAM  ARE  DISCUSSED  IN  TERMS  OF  THE  INDIVIDUAL  CELL 
COMPONENTS  (ELECTRICAL  FEEDTHROUGHS*  ELECTRODE  SEPARATORS* 
ELECTRODE  CURRENT  COLLECTORS*  AND  CELL  HOUSINGS!*  THE  MATERIALS 
SELECTION  PROCESS  IS  DESCRIBED*  EXPERIMENTAL  DATA  UN 
COMPATIBILITY  TESTS  ARE  PRESENTED*  AND  THE  CURRENT  STATUS  OF 
T*C  MATERIALS  DEVELOPMENT  EFFORT  IS  SUMMARIZED*  S  FIGURES*  7 
TABLES* 

ELECTRIC  BATTERIES:  Ql  *02*  TBlCLtCTR  IC-PDWCREO  VEHICLES:  US 
MATERIALS:  OJ*  U4*us: OFF-PEAK  ENERGY  STORAGE:  T2 : TESTING 
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ABSTRACT  WfrCRtAS  PURE  LEAD  CONTINUES  TO  BE  FOR  THE  MANUFACTURE  UF  1  HE 

ACTIVE  MASS*  LtAu  BATTERY  ALLOYS  HAVE  FOR  SOME  TIME  BEEN 
UMltRGO  1NG  A  FUNDAMENTAL  CHANGE  AIMED  AT  MAKING  RAM  MATERIALS 
CHEAPER*  REDUCING  S ELF -O IS CHARGE  AND  MAIN TEN ANCC  OF  THE 

batteries*  increasing  enlhgy  DENSITY  and  improving  electrical 

CCMOUCTIVITV*  POSSIBILITIES  FOR  SUCH  A  CHANGE  INCLUDE  THE 
REDUCTION  OF  THE  ANTIMONY  CONTENT  AS  BELL  AS  THE  INTRODUCTION 

of  sb-fhle  alloys  and  composite  materials*  development  shows  a 

TENDENCY  TOWARD  LOB  ALLOY  LEAD-ANT |MUNY  MATERIALS  B I Tm 
AUDITIONS  OF  ARSENIC*  SELENIUM  OR  SULFUR*  COPPER  AND  TIN*  AND 
ALSO  TOWARD  LE AO-CALC IUM-1 IN  AND*  POSSIBLY*  LEAD-STRONTIUM-TlN 
ALLOYS*  COMPUS1TL  MATERIALS*  E*G* •  LEAD  WITH  AN  ALUMINIUM  CORfc • 
ARE  BEING  DEVELOPED  FOR  THE  USE  IN  TRACTION  BATTERIES. 
DESCRIPTORS  ALLOY  SY STEMS*  ANT  IRONY  ALLOYS; ARSENIC  ADOl T IONS (CALC IUM  ALLOYS; 
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ABSTRACT  LEAD  IS  ONE  IF  ThE  MOST  USEFUL  AND  ESSENTIAL  METALS  IN  THE 

SERVICE  OF  MAN*  ITS  MAJOR  USES  ARE  STORAGE  BATTERIES  FOR 
AUTOMOBILES  AND  BAT  TER V -ROWE RED  VEHICLES*  AS  AN  ANTIKNOCK 
ADOIT1VE  IN  GASOLINE*  AND  IN  MATERIALS  FOR  THE  CONSTRUCTION 
INDUSTRY*  THE  IM 1  TED  STATES  HAS  THE  LARGEST  RESERVES  OF  LE AO 
AN)  HAS  BEEN  DC  LEADING  LEAD-PRUDUCI Ng  COUNTRY  FOR  SEVERAL 
YEARS*  THIS  REPORT  PRESENTS  COMPREHENSIVE  DATA  FOR  TmE 
COMMODITY  INCLUDING  BACKGROUND  MATERIAL  ON  INDUSTRY  STRUCTURE* 
RESERVES  AND  RESOURCES*  TECHNOLOGY*  SUPPl V-OE HAND 
RELATIONSHIPS*  BYPRODUCTS  AND  CUPROOUCTS*  STRATEGIC 
ClM  SIDE  RAT  IONS •  ECONOMIC  FACTORS  AND  PROBLEMS*  ENVIRONMENTAL 
CUNS  IDE.  RAT  I  Ote  *  OPERATING  FACTORS  AND  PROBLEMS*  AND  OUTLOOK  TO 
2000* 

DESCRIPTORS  ADD lfl VESl AUTOMOBILES l ECONOMICS SELECT R 1C  “POWERED  VEHICLES; 

ENVIRONMENTAL  IMPACT SS FORECAST  I NGS GASOLINE J GOVERNMENT  POLICIES; 

lead:  tilead-acio  batteries:  ti (materials:  dismeial  industry; 

MINERAL  RESOURCES (MINING (REFINING (RESERVES (SMELTING 


ACCESSION  NO*  76R09 02422 

Tl TLE I  MOM! )  BATTERY  AND  ELECTROCHEMICAL  SYSTEMS  PROGRAM  SUMMARY*  FY  1977 
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ABSTRACT  TIC  SUCCESS  OP  WIND  ANO  moTOVOLTAlC  ENERGY  CONVERSION  SYSTEMS 
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F£X  RfcS  IDtM  IAU*  COMMERCIAL*  AND  INDUSTRIAL  APPL  I C  A 1  1  ONS  IS 
HIGHLY  DLPtNDt NT  ON  THE  DE VElOPMEN T  OF  A  COS T -EFF fcc T I  V t  UATTfcwV 
STORAGE  SYSTEM  TO  PROVIDE  POwtK  DURING  PCM  10 OS  OF  NO  »IM>  CM 
SUNLIGHT.  THL  USE  OF  3  lu  V  MILLION  LLCCTRIC  CAMS  LV  T Ht  YLAfi 
2000  MILL  RESULT  IN  AN  OIL  SAVING  FROM  3b  TO  VO  MILLION  HAnkhLi 
PER  y£ AM •  DURING  FY  IVY?*  STUM  COMMITTED  SI3*3  MILLION  OF  ITS 
FUNDS  TO  THESE  elec TMOCHLMICAL  PmOGMAMS*  and  managed  an 
ADDITIONAL  AS.  t>  MILLION  FOM  THE  DIVISION  OF'  T  MANS  PORT  A  T  I  ON 
ENERGY  CONSERVATION  fU  DtVfcLl**  NEAR-TERM  bATTEMIEs  FOk  LLkCUR 
VEHICLES.  This  POnL  1 L  A  T  1  ON  CONSISTS  OF  SUMMARIES  OF  ALL  THfcSf 
PmOGMAMS.  INCLUDING  CONTRACTORS.  MAJOR  SUBCONTRACTS.  NAMES  OF 
PROGRAM  MANAGERS.  FUNOlNG*  AND  A  bRIcF  DESCRIPTION  OF  T Ht 
OBJECTIVES  AH)  STATUS  OF  EACH  PROGRAM* 

DESCRIPTORS  ELECT  R  1C  BAT  ICKlEs:  T1IELECTRI  C-PO*ERED  VENI  CLE  S !  ENERGY  STORAGES 

I  RUN -A  IK  bATTEMl ESS  IRON-NICKEL  bAI TER IES SLEAD-AC ID  BATTER  1C  S  S 
LlTHlUM-SULFtX  BATTERIES  SN 1C*EL— 2  INC  BATTERIES  « RL  DOX  FULL  CELLS! 
RESEARCH  PROGRAMS:  b  I  i  SOU  OM-SOLFuH  SATTcRIESSOS  DOES 
ZINC -CHLORINE  bA  T TER  ICS 
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CORPORATE  AUTh  EWRGY  DL VC L U* •£ N T  ASSOCIATES*  MADISON  HEIGHTS*  MICH*  (USA) 

PAGE  NO  27/ 

AVAILABILITY  DEP*  NT  IS*  pc  Al 3/MF  AO  I  • 

DATE  MAR  IV  FB 

CATEGORIES  E0B-2S0V0I 

PRIMARY  CAT  LDB-2S0Vvl 

REPORT  NO  E»V>  I -EM - 711 

ABSTRACT  TF*  TWO  PRINCIPAL  TRUSTS  OF  THIS  PROGRAM  MERE  BATTERY  SCALE-UP 

BY  A  FACTOR  OF  T  BENT  Y  FROM  EARLIER  WORK  ANO  INVESTIGATION  OF 
THE  ECONOMICS  OF  Z I NC —CMLOR INE  PEAK-&HAV|NG  BATTeRIES  LOCATED 
AT  UTILITY  SUbsTATIONS*  DEVELOPMENT  PROGRAMS  ON  CELL 
PERFORMANCE*  ELECTRODE  RESEARCH*  AND  MATERIALS  OF  CONSTRUCTION 
MERE  CONDOCTEO  IN  SUPPORT  UF  THESE  OBJECTIVES*  A  bATTtRY  *Ab 
OESIGNCD*  BUILT*  AND  TESTED  WHICH  DELIVERED  lb  KVH  DC  AT  AN 
ELECTROCHEMICAL  ENERGY  EFFICIENCY  OF  bO  PERCENT*  THIS  SCALt-UP 
FROM  A  I  KWH  SYSTEM  WAS  SUCCESSFUL  DESPITE  DIFFICULTIES  WITH 
EKCCSSIVL  HVLMUGCN  EVOLUTION  AND  ZINC  DENDRITE  FORMATION  DURING 
INITIAL  TESTING*  TWO  SMALLER  SYSTEMS  WERE  BUILT  AND  TESTED  IN 
ORDER  TO  PERMIT  INF  OR MED  SELECTION  OF  THE  CHLOR INE -ELECT RODE 
MATERIAL*  POROUS  GNAPHlTk  WAS  CHOSEN  OVER  RUTHENI A-CAT AL V* ED 
POROUS  TITANIUM  BECAUSE  OF  CONSIDERATIONS  OF  ULTIMATE  COST* 

EASE  OF  SYSTEM  OPERABILITY*  AND  SYSTEM  SAFETY*  THL 
CYCLE~TESTING  (*=  TWO  BATTERY  SYSTEMS  WAS  SUCCESSFULLY 
AUTOMATED*  EXPERIENCE  WITH  THE  AUTOMATION  ACTIVITIES  INDICATED 
THAI  THE  Z  INC— -CHLORINE  BATTERY  SVSItM  CAN  OPERA!  t  (CHARGE  AND 
DISCHARGE)  FCM  EXTENDED  PERIODS  WITHOUT  HUMAN  INTERVENTION.  TWO 
CONCEPTUAL  DLS  IGNS— “MARK  2  AND  MARK  J— OF  A  100-MWH  (20-MW) 

z Inc—— chlorine  battery  plant  were  prepared*  a  detailed  cost 

BREAKDOWN  WAS  PROVIDED  FOR  EACH  DESIGN*  IN  A  MATURE  MARKET*  ThE 
SELLING  PRICLS  of  THE  MAM  2  AND  MARK  3  PLANTS  WOULD  BE  42 S/KWH 
ANO  S21/KWH  llV7b»)*  RESPECTIVELY*  THESE  SELLING  PRICES  COUPLED 
WITH  A  70  PERCENT  AC  TO  AC  STORAGE  EFFICIENCY  WOULD  MAKE  THE 
BATTERY  PLAN!*  HIGHLY  COMPETITIVL  WllH  FOSSIL  FUtL -CONSUM |NG 
CIMBUSTION  TlPOtNES  FROM  AN  ELECTR  1C  I  T  V -COST  STANDPOINT.  102 
FIGURES*  36  TABLES* 

DESCRIPTORS  COST SOt SIGN:  O II  ECONOMICS! ELECTRODES; MATER 1ALSI0FF -PE Ak  ENERGY 

STORAGE:  T2 {PERFORMANCES  ZINC -CHLORINE  BATTERIES:  T|*02 

Bpfo  MOMC 
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AUTHOR  AFP  BROWN*  BOVERI  AND  CO*  AG*  HEIDELBERG 
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SEE  CONF-7bCtototo — PZ 
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THE  FUNDAMENTAL  DUE  Si IONS  CONCEHNING  TH;  SOD lUM/SULFU*  CELL 
using  bfciA  aluminium  oxide  as  solid  llectrulvte  •cke  clarified 
SOME  TEAMS  ALO •  EVEN  so*  SOME  PROBLEMS  STILL  MEMAlN  TO  B t 
solved  before  its  use  is  possible  as  A  TRACTION  BATTERY.  ONE  of 
THE  PROBLEMS  MM  I CH  rtAS  HITHERTO  BEEN  OH-V  PARTIALLY  SOLVfcD  LIES 
IN  IrtE  INCOMPLETE  UTILIZATION  OF  THE  SULFUR  FOR  THE 

electhochemilal  reaction,  in  The  meantime*  a  higher  oegkel  of 

UTILIZATION  MXS  BEEN  ACHIEVED  BY  EMPLOYING  A  SPLCIAL  GEOMETRY 
FOR  THE  CATHCOE  AND  BY  ADDITIVES  TO  THE  SULFUR.  CONS l OEM At  Lt 
ADNANCES  HAVE  ALSO  BEEN  MADE  REGARDING  LONG-TERM  PROPERTIES. 

specific  change  throughputs  of  up  to  2.300  ah/cmssup  2*  have 

BEEN  OBTAINED  VlTH  THE  SOLID  ELECTROLYTES  DEVCLQPLO.  THE 
CHANGING  DENSITIES  REQUIRED  TO  PERMIT  USL  IN  A  TRACTION  BATTERY 
ARE  500  TO  2.000  AH/CMtSUP  24.  MATERIALS  HAVE  BEEN  DEVELOPED 
FOR  THE  CELL  CASING  VM 1CM  EXHIBIT  ONLY  MINIMUM  ATTACK  BY 
CORROSION  BHfcN  IN  CONTACT  »I1M  SULFUR  AND  SULFIDES  AT  30  04SUP 
OAC.  FROM  The  EXPERIMENTS  MADE  it  can  be  concluded  That  NA/S 
BATTERIES  ARE  CAPABLE  OF  REALIZATION  FOR  TRACTION  PURPOSES  IF 
IT  BECOMES  POSSIBLE  TO  IMPLEMENT  THE  OAT A  MEASURED  ON 
LABORATORY  CELLS  IN  I NOU ST RIAL -SC ALE  CELLS*  THE  ENERGY  AND 
PURER  DENSITIES  ANTICIPATED  ARE  HIGHER  BY  A  FACTOR  OF  ROUGHLY  A 
THAN  THOSE  Fut  THE  LEAD  ACCUMULATOR*  THE  RESULTS  OblAlNED 
HITHERTO  INDICATE  THAT.  HOPEFULLY.  SERVICE  LIVES  OF  SEVERAL 
YEARS  CAN  BE  ACHIEVLD.  V  FIGURES*  3  TABLES* 

ADOIT !VLs;ALU4  inium  ox  ides .cat holes; chemical  REACTIONS* 

CUNTA INEHSI DtS lGNS  021CFF I C I ENCY • LLEC  TR IC-POVEWED  VEHICLES  S  TIS 
geometry ; high  temperature; material s; safe tv .service  life: 
SOOIUM-SULFUR  bATTCRlES:  O I  *  T2 l SULFUR 
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PRELIMINARY  UL SIGN  AND  ANALYSIS  OF  RECOVERY  OF  Ll TnluM  FROM 
BRINE  VI  IN  THE  USE  OF  A  SELECTIVE  EXTRACTANT 
DANG*  V.D.S  STEINBERG.  M. 

BROOkHAVLN  NATIONAL  LAB* •  UPTON.  N.Y.  (USAI 
CONF  -7  7  05?  0—1 
ZB 

DEP.  NT  IS*  PC  A03/MF  A01  • 

CONTRACT  EV-TG-C-V2-P016 

13.  ANNUAL  FlMUM  ON  ?M£  GEOLOGY  OF  INDUSTRIAL  MINERALS 
NORMAN*  OX*  US  A 
12  MAY  IV77 
MAY  IV77 

EOo-060202 I 400 IOSI2SOV03 
E OB -060202 

BNL — 22B24  .  . 

LITHIUM  REQUIREMENTS  for  BATTERY  AND  CONTROLLED  THERMONUCLEAR 
FUSION  REACT!**  UStS  IN  1»C  NEXT  Ft*  DECADES  MAY  EXCEED  THE 
CURRENT  AVAILABILITY  OF  THE  MINERAL  AND  BRINE  RESERVES*  11  IS 
THUS  PRUDENT  TO  SEARCH  FOR  NEB  RESERVES  AND  RESOURCES  TO 
SATISFY  THESE  AND  OTHER  LllHlUM  APPLICATIONS  IN  THE  FUTURE.  IT 
HAS  BEEN  RE  PCM  TED  THAT  ThE  LITHIUM  CONTENT  OF  SMACKOVE* 
OILFIELD  VATINS  RANGES  IN  ORDER  OF  100— 500  MG/L*  AND  THUS 
COULD  REPRESENT  A  SUBSTANTIAL  RESERVE.  A  METHOD  IS  PROPOSED  TO 
EXTRACT  LITHIUM  FROM  THIS  SOURCE.  EXPERIMENTAL  EVIDENCE  IN  T*€ 
LITERATURE  IftOlCATES  THAI  A  SPECIFIC  CHELATING  AGENT  OF  THE 
DIKE TONI  TYPE*  D IP 1V4L0VLME THANE.  MAS  A  SPECIFIC  SELECTIVITY 
TOMARD  L1TMIW  IN  THE  PRESENCE  OF  OTHER  METAL  IONS  IN  AQUEOUS 
SOLUTIONS*  BASED  IN  PART  ON  THIS  UNIQUE  PROPERTY  OF 
OlP  1  VALOV LME THAN C .  A  CONCEPTUAL  DESIGN  OF  A  FULL  SIZE  PLANT  IS 
PERFORMED  TO  EXTRACT  LITHIUM  FROM  THE  SMACXOVER  BRINE.  THE 
STUDY  INCLUDES  ALTERNATE  FLOV  SHEET  DEVELOPMENT.  DESIGN 
] fP OR MAT ION  IN  THE  MAJOR  UNITS  OF  THE  PROCESS.  ENERGY 
REQUIREMENT  AND  AN  ECONOMIC  ANALYSIS  OF  A  10SSUP  61  xG  LI/VR 

production  facility,  the  economics  of  Three  different  process 

CONCEPTS  DEPENDS  ON  THE  AMOUNT  OF  VATER  tVAPORATEO  FROM  THE 
INITIAL  OILFIELD  FEED  RATERS  TO  CONCENTRATE  THE  BRINE.*  RESULTS 
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Ab  A  FUNCTION  ClF  PRODUCTION  RATfcb  ARt  INDICATED  IN  A  GENERAL 
MANNER. 

AUULOUb  bOLUll  UNSSBRINES  SCMELAT  |NG  AGENT  S S DE  S  I GNS ELF C  T R  1  C 

bATitkib  b;  industrial  Plant sslithium:  T  i  ;l  i  tmium-sulfo« 

bATTfckltblMATEM  ALS  ;Ol  .  F  I  ELDS  5  SOL  VEN  T  EXTRACTION:  UIS 
TrCNMONUCLbAN  REACTOR  MATERIALS 
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AUTHOR  AFF  GLNERAL  MOTORS  CUKP • ,  BARMEN.  Ml 

T1TLEIMOK))  critical  materials  problems  in  energy  production 

EDITOR  OR  COMP  STEIN.  C.  (ED. I 

PAGE  NO  666-7  1 0 

PUBL  LOC  ACADEMIC  PRESS.  I NC • •  NEW  YORK 

DATE  1976 

CATEGORIES  EDb -260903 5360 1005360200  5360600 

PRIMARY  CAT  EDB-26G903 

ABSTRACT  TOPICS  COVERED  IN  THIS  REVIE*  INCLUDES  GENERAL  GUIDELINES  FOR 

Tt£  SELECTION  if  ACTIVE  MATERIALS!  AMB I ENT —TEMPERATURE  CELLS 
■ITH  ACID  ELECTROLYTES;  AMBIENT -TEMPERATURE  CELLS  WITH  ALKALINE 
ELECTROLYTES;  HIGH  TEMPERATURE  CELLS  *  IT  M  MOLTEN  SALT 
ELECTROLYTES.  THE  L I THlUM/ME TAL-SULF 1 DE  CELL  S  5  AND  HIGH 
TEMPERATURE  CELLS  • I TH  SOLID  ELECTROLYTES.  THE  SOD lUM/ SULFUR 
CELLS.  (GHTI 
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FEDERAL  BATTLRV  PROGRAM  FOR  TRANSPORTATION  USES 
LANOGREBt.  A3T.  ;  KLUNDE  R.  K.S  VAO .  N.P. 

ENERGY  RESEARCH  and  DEVELOPMENT  ADMINISTRATION.  WASHINGTON.  DC 
TWENTY -SEVENTH  POWER  SOURCES  SYMPUSIUM 
2  3—2  7 

27.  POWER  SOURCE  S  SYMPOSIUM 
FORT  MONMOUTH.  NJ.  USA 
21  JUN  1976 

PbC  PUBLICATION  COMMITTEE.  REO  BANK.  NJ 
1976 

StE  CONF -76061  7 - 

E OB -26 0902 
EDto— 264)902 

A  BRItF  HISTlRV  OF  ELECTRIC  VEHICLES  IS  GIVEN.  AND 
JUSTIFICATIONS  FOR  DEVELOPING  ELECTRIC  VEHICLES  ARE  ADDUCED. 
PERFORMANCE  GOALS  ARE  TABULATED.  BATTERY  SYSTEMS  CHOSEN  FOR 

MAJOR  DEVELOPMENT  EFFORT  ARE  ADVANCED  LE  AO  — ACID.  NICKEL - IRON. 

NICKEL—  4.INC.  ZINC - AIR.  IRON - AIR.  L  I  TH  I UM— Mt  T  AL  SULFIDE.  AND 

SODIUM — SULFIP.  THE  STATUS  OF  EACH  OF  THESE  IS  DISCUSSED.  AND 
RELATIVE  F 1GUR  ES  OF  MERIT  ARE  ASSIGNED.  7  TABLES.  I RWR ) 
COMPARATIVE  EVALUATIONS:  U2.03.U4 .UB.UB.QT.UBSELECTRIC 
batteries:  u is  electric-powered  vehicles:  tis iron-air  batteries: 

T65 IRON-NICKEL  BATTERIES:  T35LCAO-ACID  BATTERIES:  T2S 
L ITH I UM— SULFUR  BATTERIES!  T7 JNI CK EL-Z I NC  BATTERIES:  TAS 
PERFORMANCES  SODIUM- SULFUR  BATTERIES:  T6SZINC-A1R  BATTERIES!  TS 
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SI  A 1  I  ON  ARY  BATTERY  WITH  LOW  RESISTANCE 
SUE MAI SU.  K. 

JAPAN  STORAGE  BATTERY  CO.*  KYOTO 
RECHARGEABLE  BATTERIES  IN  JAPAN 
MIYAKE.  Y.5  HD2AW A.  A.  (EDS.  I 
476-476 

JEC  PRESS  INC. •  CLEVELAND 
1977 

EDB-2S090I 

EUB-2SG90I 

STORAGE  BATTUtlES  OF  THE  HS  TYPE  FUNCTION  AS  POWER  SUPPLIES  FOR 
ELECTRONIC  CCMFU1ERS*  SWITCH  GEAR  OPERATIONS.  UN INTERRUPT IBLE 
POWER  SYSTEMS.  ETC.  THE  HS  CLLL  HAS  SEVERAL  ELEMENTS  WITH 
RELATIVELY  SMALL -SIZED  PLATES  IN  A  LARGE  PLASTIC  CONTAINERS  ALL 
ELEMENTS  ARE  IMMERSED  IN  A  COMMON  ELECTROLYTE  AND  ARE  CONNECTED 
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IN  PARALLEL.  FEATURES  OF  THESE  b* T  TER  1 ES  ARE  DtSCRI&EU  AND 
TAOULATEU.  I  FIGURE.  I  TAbLE.  (MWM) 

COMPUTERS  5  LE  AD  -AC  1  D  bATTERILS:  11 (POWER  SUPPL  IE  Si  SUCi 

specification:  ukweighi 
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GCASS  FlbER  TUDULAR  TYPE  INDUSTRIAL  BATTER  It S 
OKAZAKI.  l.S  VONEZU.  A. 

JAPAN  S  t  OR AG  t  bATTERV  CO..  L  10 •  •  KYOTO 
RECHARGEABLE  BATTERIES  IN  JAPAN 
NIYAAE.  Y.S  KOZAWA.  A.  (EDS.) 

197-237 

JfcC  PRESS  INC. •  CLEVELAND 
1977 

EOb -250901 (  250  902 
EOb  **250901 

OE1AILS  OF  GLASS-FIbhR.  TUBULAR  — T V PE  I NDUSTM I AL  BATTER ItS  AND 
THE  IR  ACCESSORIES  ARE  DESCRIBED  UNDER  THE  FOLLOWING  TOPICS*. 
CONSTRUCTION  AND  MANUF AC  TUR 1 NG  PROCESS  OF  TUBULAR -TYPE  PLATES  * 
PERFORMANCE  (DISCHARGE  AND  CHARGE  CHARACTERISTICS. 

SLLF -O I SCHARGC .  HtSUB  2%  EVOLUTION.  LIFETIME);  CONSTRUCTION. 
SPECIF  ICA1ION.  AND  STANDARDS  FOR  TUBULAR-TYPE  BAT  TER  I  C  S  • 

instructions  for  use  of  tubular— type  batteries  and  accessories 

(PRECAUTIONS  FOR  DAILY  MAINTENANCE.  CHARGER  AND  CHARGE 
CHARACTERISTICS.  ALARM  DEVICES  FUR  MAINTENANCE  OF  BATTERIES. 
WATER  FILLING  DEVICES.  CATALVS1  PLUG) S  ANO  RECtNI  PAfENTS  ON 

Tubular -type  batteries.  19  figures.  6  tables.  (R«n) 
ELECTHJC-POWLMtO  VEHICLES:  T | ( tLEC TRODES S F IBfckS SgLASS 5 Lt AD-AC I D 

batteries:  ui.  T2 .maintenance:  02 : manuf ac t uri ng:  02 (performance  : 

02; SPEC  IF !C A T1 ONS iS T ANO AMDS i lUbES 
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KINETICS  OF  THE  SELF -O  IS  CHARGE  REACTION  IN  A  SEALED  LE  AD  —  ACID 
CELL 

BULLOCK.  K.R.S  MCCLELLAND.  D.H. 

GATES  HUbbtN  CO..  DENVER 

J.  ELECTkOCHEM.  SUC..  V.  123.  NO.  2.  PP.  327-331 

MAR  197b 

t  DB— 250902 

EDO -2 50 902 

35  lO  b5  DEGREES  C 

THE  KINETICS  AM)  MECHANISM  OF  I  HE  SELF-O  l  SCHARGC  REACTION  IN  A 
SEALED.  LEAD— ACID  CELL  WERE  INVESTIGATED.  THE  UN  I  OUt  CELL 
DESIGN  AND  Itfc  PURITY  OF  THE  MATERIALS  USED  PRODUCE  A  SLOWER 
RATE  OF  SELF -DISCHARGE  AH)  A  DIFFERENT  MECHANISM  THAN  THE 
TRADITIONAL  LEAD — ACID  BATTERY.  PARTICULAR  ATTENTION  IS  GIVEN 
TO  THE  EFFECTS  OF  EXPANDER  COMPOS  I TIUN  AND  PHOSPHORIC  ACID 
CUNCENTRATION  UN  THE  REACTION.  RATES  OF  THE  REACTION  ARE 
DETERMINED  FOR  TEMPERATURES  IN  THE  RANGE  OF  35  TO  65»SUP  0»C. 
AUDI T IVES I ANUDES; CHEMICAL  REACTION  KINETICS:  01 .LEAD— AC  1 D 
BATTERIES:  Mil  MATER IALS$ME01UM  T E MPE M a TURESPH  value (PHOSPHORIC 
AC1D( SEALS 
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SEALED  LEAD— AC  ID  STORAGE  BATTERY 
SHI OM 1 •  E. :  SASAKI.  S. 

NIPPON  TELE OR  AND  TELEPH  PUBLIC  COMP •  ENG  BUR.  TOKYO.  JPN 

JPN.  TtLECOMMUN.  REV..  V.  19.  NO.  ).  PP.  53-57 

JAN  I9T7 

Ebb— 250902 

EDO— 250 902 

COMMERCIAL  TESTS  ON  SCALED  LEAD — ACID  BATTERIES.  USING  THE 
CATALYST  MET K)0.  WERE  CARRICO  OUT  IN  JAPAN.  THE  CATALYST  MAKES 
IT  PO&SIbLE  TO  RECOMBINE  HVOROGEN  AND  OAVGEN  GAS  GENERATED  FROM 
A  bATTERV  ANO  REDUCE  THE  GASES  TO  WATER.  THE  BATTERY  CAN  BE 
SEALED  MERELY  BY  REPLACING  EXPLOSION-PROOF  VENT  PLUGS  WITH 
CATALYST  PLUGS. 

HYDROGEN (LEAD- AC  ID  BATTERIES :  T I (MAINTENANCE (OXYGEN (PERFORMANCE 
TESTING  I  (II  S«  COMBINATION!  SEALS;  SERVICE  LIFE  (VENTS 


DESCRIPTORS 


B-79 


ACC£SS ION  NO  . 
TIILt 

TITLt  I  SERI AL  ) 
EDITOR  OH  COMP 
PAGE  NO 
LUNF  TITLE 
CONF  PLACE 
CONF  DA It 
PUdL  LOC 
OA  It 

LATfcGOkt LS 
Pm  MANY  CAT 
AUGMENTATION 

absthaci 


DCSCk  IPTIMS 
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LITHIUM — ALUMINUM /METAL  SULFIDE  BATTERIES 
77-A6J 

S  TL  UNtNbtHG  •  R.K. 

10 

A I A A  CONFtkfcNCe  ON  THE  FUTURE  OF  AEROSPACE  POWER  SYSTEMS 
ST •  LOUIS*  MU*  USA 
I  MAR  1077 

AMERICAN  INST*  OF  AERONAUTICS  AM)  ASTRONAUTICS*  NEW  YORK 
IV77 

tub -2 1>0 VO  I 
EDB-2SG90I 

LI — Al/LILL— kcl/fe  sulfides 

RECHANGLAbLE  LITHIUM — ALUM INUM/METAL  SULFIDE  bATTER IE  S  ARE 
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Information  was  gathered  for  systems  utilizing  six  storage  media: 
olivine  ceramic  brick,  magnesite  ceramic  brick,  calcium  chloride  hexahydrate, 
sodium  sulfate  decahydrate,  sodium  thiosulfate  pentahydrate,  and  form-stable 
polyethylene. 

Olivine  Ceramic  Brick 

This  medium  is  used  commercially  in  conjunction  with  electric  resistance 
heating  to  provide  thermal  energy  at  peak  times  using  previously  purchased 
off-peak  power.  Sufficient  Information  was  obtained  for  determining 
efficiency,  lifetime,  installed  cost,  operating  and  maintenance  cost,  volume, 
floor  space,  weight,  and  charge/discharge  times. 

The  following  parameters  have  been  related  to  system  size  and 
mathematical  functions  obtained. 

Olivine  Brick  Installed  Cost  (OBIC) 

OBIC  =  8.88  -  0.81  (log  x)  (34) 

where  OBIC  is  in  dollars  per  thousand  Btu  capacity,  or  size,  and  x  ■  size  in 
Btu. 

Standard  Error  *  0.79 
Olivine  Brick  Annual  0&M  Cost  (OBMC) 

OBMC  -  9.02  -  1.26  log  x  (35) 

where  OBMC  is  a  percentage  of  Installed  cost 

Standard  Error  *  0.019 
Volume  of  Olivine  Brick  System  (VOBS) 

V0BS  -  0.16  (36) 

where  VOBS  is  in  cubic  feet  per  thousand  Rtu. 

Standard  Deviation  ■  0.045 
Floor  Space  for  Olivine  Brick  System  (FSOBS) 

FS0BS  -  0.048  (37) 

where  FSOBS  is  in  square  feet  per  thousand  Btu. 

Standard  Deviation  ■  0.039 
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Weight  of  Olivine  Brick  System  (WOBS) 

WOBS  -  4.52  (38) 

where  WOBS  is  in  pounds  per  thousand  Btu 

Standard  Deviation  ■  0.93 

Predicted  values  based  on  these  mathematical  functions  are  presented  in 
Table  67.  Plots  of  Equations  34  through  38  are  shown  in  Figures  33  through  37. 

Data  obtained  on  efficiency,  lifetime,  and  charge/discharge  times  does 
not  exhibit  a  relation  to  size. 

Efficiency 

Because  ceramic  brick  resistance  storage  heaters  are  Installed  within  the 
volume  to  be  heated,  heat  losses  from  the  bricks  still  provide  desirable 
heating.  Thus  efficiency  approaches  100X.  This  is  also  generally  true  for 
systems  using  other  storage  medium.  Fan  and  control  losses  are  minor.  Total 
system  efficiency  is  presumed  to  be  about  95%. 

Another  measure  of  energy  stored  compared  to  energy  required  or  desired 
is  charge  acceptance.  If  a  large  proportion  of  thermal  energy  stored  is 
retained  until  needed,  than  the  charge  acceptance  of  the  system  is  high. 

While  no  data  was  found  on  charge  acceptance,  values  should  be  high  because 
during  the  diurnal  operation  considered  here,  heat  removal  from  storage 
follows  soon  after  charging  and  little  unwanted  heat  has  time  to  dissipate. 

Lifetime 

Expected  lifetime  is  reported  to  be  20  years. 

Charge/Discharge  Time 

Charge  time  for  commercial  units  is  about  16  hours.  Discharge  times  are 
reported  to  range  from  5  to  10  hours,  with  a  median  value  of  8  hours. 

Mobility 

Systems  sized  larger  than  about  380,000  Btu  are  fixed.  Smaller  systems 
are  mobile. 

Availability  of  Raw  Materials 

Availability  of  the  olivine  mineral  is  somewhat  limited  in  the  U.S. 

Known  reserves  exist  in  North  Carolina  and  Washington.  U.S.  manufacturers 
Import  their  ceramic  bricks. 
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Figure  33.  INSTALLED  COST  OF  OLIVINE  BRICK  TES  SYSTEMS 


Figure  35.  VOLUME  OF  OLIVINE  BRICK  TES  SYSTEMS 


Other  Parameters 


Locational  and  operational  constraints,  reliability,  and  environmental 
factors  are  presented  in  Tables  68,  69,  70,  and  71,  respectively. 

Magnesite  Ceramic  Brick 

This  medium  in  used  commercially  in  Europe  in  conjunction  with  electric 
resistance  heating.  It  has  also  been  studied  for  high-temperature  process 
heat  storage.  Adequate  information  was  obtained  to  relate  installed  costs, 
volume,  and  weight  to  system  size. 

Magnesite  Brick  Installed  Cost  (MBIC) 

MBIC  -  38.18  -  41.86  log  (log  x)  (39) 

where  MBIC  is  in  dollars  per  thousand  Btu  and  x*  size  in  Btu 

Standard  Error  <■  1.49 

Volume  of  Magnesite  Brick  System  (VMBS) 

VMBS  -  0.14  -  0.01  log  (x)  (40) 

where  VMBS  is  in  cu.  ft.  per  thousand  Btu 

Standard  Error  «  0.04 

Weight  of  Magnesite  Brick  System  (WMBS) 

WMBS  -  6.41  -  0.17  log  x  (41) 

where  WMBS  is  in  pounds  per  thousand  Btu 

Standard  Error  *  2.53 

Values  predicted  by  the  above  equations  are  shown  in  Table  72,  as  a 
function  of  size.  Plots  of  the  equations  are  shown  in  Figures  38,  39,  and  40. 

Data  on  efficiency  and  charge/discharge  time  did  not  correlate  with  size 
in  a  defined  manner.  Only  limited  information  on  lifetime  and  0&M  costs  was 
obtained;  consequently  judgement  was  used  to  estimate  these  parameters, 
assuming  the  magnesite  systems  are  similar  to  olivine  ones. 

Efficiency 

Magnesite  brick  systems  are  reported  to  have  very  small  standby  losses. 
Efficiency  should  be  equivalent  to  the  95*  value  assumed  for  olivine  brick 

systems. 
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Table  68.  OLIVINE  BRICK  TES  SYSTEM  LOCATION  CONSTRAINTS 


Constraint _  Effects  Remarks 


1.  Water  Requirements  — 

2.  Manning  Requirements 

3.  Fuel  Availability 

and  Delivery  •  208  volt  (minimum)  AC  electric 

service  required.  Need  off- 
peak  or  time-of-day  rates  for 
economic  gains. 

4.  Fuel  Storage 

5.  Other 


Overall  Assessment:  The  ordinal  score  is  4  Indicating  moderate  locational 
constraints. 

Table  69.  OLIVINE  BRICK  TES  SYSTEM  OPERATION  CONSTRAINTS 


Constraint 

Effect 

Remarks 

1. 

Part-Load  Capability 

— 

2. 

Overload  Cabability 

• 

Overloading  is 

not  possible, 

3. 

Load  Following 

0 

Able  to  follow 
changes. 

minor  load 

Overall  Assessment:  The  ordinal  score  is  3  indicating  average  turn-down 
capability. 


Table  70. 

OLIVINE  BRICK  TES 

SYSTEM  RELIABILITY 

Constraint 

Effect 

Remarks 

I. 

Moving  Parts 

0 

Fan  and  damper  are  required. 

2. 

Operating  Temperature 

0 

Reaches  temperatures  of  1200°F 
by  design.  Maximum  surface 
temperature  is  1400°F. 

3. 

Modularity  of  Design 

0 

System  can  be  designed  around 
several  modules  with  one  set  of 
controls. 

4. 

Stress  Levels 

9 

Floor  must  be  able  to 
withstand  loads  of 

375  lbSf  per  sq.  ft. 

5. 

Corrosion 

— 

6. 

Other 

_ . 

Overall  Assessment:  The  ordinal  score  is  4  Indicating  moderate  reliability. 
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Table  72.  VALUES  OF  THE  MAGNESITE  BRICK  PARAMETERS  AS  PREDICTED 
FROM  THE  DEVELOPED  MATHEMATICAL  FUNCTIONS 


System  Capacity, 
or  Size,  Btu 

50 ,000 
100,000 
250 ,000 
500,000 
1,000,000 
5,000,000 


(Equation  39) 
Installed  Cost 
of  the  Magnesite 
Brick  System, 
$/kBtu  (±  1.49) 

10.04 

8.92 

7.52 

6.54 

5.60 

3.60 


(Equation  40) 
Volume  of  the 
Magnesite  Brick 
System,  ft^/kBtu 
(±  0.04) 


0.10 

0.10 

0.09 

0.09 

0.09 

0.08 


(Equation  41) 
Weight  of  the 
Magnesite  Brick 
System,  lbs/kBtu 
(t  2.53) 


5.63 

5.58 

5.52 

5.47 

5.42 

5.30 


Lifetime 

While  no  values  were  found  in  the  literature,  a  reasonable  estimate  is 
20  years. 


Annual  O&M  Cost 

Assuming  a  similar  percentage  factor  as  for  annual  costs  for  olivine 
brick  systems  is  reasonable,  magnesite  brick  O&M  costs  can  be  represented  by 
the  equation: 


MBMC  -  9.02  -  1.26  log  x 


(42) 


where  MBMC  is  a  percentage  of  installed  cost 

Standard  Error  ■  0.019 


Charge/Pl8charge  Time 

Charge  times  ranged  from  8  to  10  h  with  8  hours  as  the  median.  Discharge 
times  ranged  from  6  to  16  h  with  14  hours  as  the  median. 

Mobility 

Magnesite  systems  larger  than  about  310,000  Btu  are  fixed.  Smaller 
systems  are  mobile. 

Availability  of  Raw  Materials 

Magnesite  is  abundant  and  widely  distributed.  Large  deposits  exist  in 
Austria,  Manchuria,  and  the  U.S.  (Clark  County,  Nevada). 

Other  Parameters 

Locational  and  operational  constraints,  reliability,  and  environmental 
factors  are  presented  In  Tables  73,  74,  75,  and  76,  respectively. 


Figure  38.  INSTALLED  COST  OF  MAGNESITE  BRICK  TES  SYSTEMS 


Figure  39.  VOLUME  OF  MAGNESITE  BRICK  TES  SYSTEMS 


Figure  40.  WEIGHT  OF  MAGNESITE  BRICK  TES  SYSTEMS 


Table  73.  MAGNESITE  BRICK  TES  SYSTEM  LOCATION  CONSTRAINTS 


Need  off-peak  or  time-of-day 
rates  for  economic  gains. 


_ Constraint _  Effects  _ Remarks _ 

1.  Water  Requirement 

2.  Manning  Requirements 

3.  Fuel  Availability  •  Need  off-peak  or  time-of-daj 

and  Delivery  rates  for  economic  gains. 

4.  Fuel  Storage 

5.  Other 

Overall  Assessment:  The  ordinal  score  Is  4  Indicating  moderate  locational 
constraints. 

Table  74.  MAGNESITE  BRICK  TES  SYSTEM  OPERATION  CONSTRAINTS 


_ Constraint _ 

1.  Part-Load  Capability 

2.  Overload  Capability 

3.  Load  Following 
Capability 


Effect 


Remarks 


Overloading  is  not  possible. 

Able  to  follow  minor  load 
changes. 


Overall  Assessment:  The  ordinal  score  is  3  indicating  average  turn-down 
capacity. 

Table  75.  MAGNESITE  BRICK  TES  SYSTEM  RELIABILITY 


_ Constraint _ 

1.  Moving  Parts 

2.  Operating  Temperature 

3.  Modularity  of  the  Design 

4.  Stress  Levels 


5.  Corrosion 

6.  Other 


Effect 


_ Remarks _ 

Fan  and  damper  are  required 

Designed  for  rather  high 
temperatures 


Floor  must  withstand  rather 
high  floor  loads.  Basement 
placing  obviates  loading 
considerations. 


High  thermal  conductivity 
lessens  shock. 


Assessment:  The  ordinal  score  is  4  indicating  moderate  reliability. 
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Calcium  Chloride  Hexahydrate 

This  medium  Is  being  Introduced  commercially  to  store  thermal  energy. 

Dow  USA  Is  the  principal  manufacturer  of  this  medium  and  associated  nucleating 
agents.  Installed  cost,  O&M  cost,  volume,  and  weight  of  these  systems  was 
found  to  vary  as  a  function  of  size.  These  relationships  are  shown  by  the 
following  equations: 

Calcium  Chloride  Installed  Cost  (CCIC) 

CCIC  -  44.72  -  51.58  log  (log  x)  (43) 

where  x  ■  size  in  Btu,  and  CCIC  is  in  dollars  per  thousand  Btu. 

Standard  Error  -  2.36 

Annual  Calcium  Chloride  O&M  Cost  (CCMC) 

CCMC  -  9.57  -  0.92  log  x  (44) 

where  CCMC  Is  in  cents  per  thousand  Btu  capacity,  or  size. 

Standard  Error  Is  not  determinable  (two  points). 

Volume  of  Calcium  Chloride  System  (VCCS) 

VCCS  -  0.26  -  4.23  X  10”3  log  x  (45) 

where  VCCS  Is  In  cu.  ft.  per  thousand  Btu. 

Standard  Error  >0.10 

Weight  of  Calcium  Chloride  System  (WCCS) 

WCCS  -  59.28  -62.42  log  (log  x)  (46) 

where  WCCS  Is  In  pounds  per  thousand  Btu. 

Standard  Error  •  3.51 

Values  predicted  by  the  above  equations  are  shown  In  Table  77,  as  a 
function  of  size.  The  equations  are  plotted  in  Figures  41  through  44. 

Data  on  efficiency,  lifetime,  and  charge/discharge  time  did  not  show  a 
relationship  to  size. 

Efficiency 

Charging  and  discharging  efficiencies  reported  in  the  literature  ranged 
from  82  to  99%.  The  low.  r  efficiency  was  reported  for  an  experimental  system; 
a  95%  efficiency  is  probably  representative  for  the  total  cycle  efficiency. 


INSTALLED  COSTS  OF  CALCIUM  CHLORIDE  TES  SYSTEMS 


ANNUAL  O&M  COST  FOR  CALCIUM  CHLORIDE  TES  SYSTEMS 


Figure  43.  VOLUME  OF  CALCIUM  CHLORIDE  TES  SYSTEMS 


MD-A133  514  USAF  ADVANCED  TERRESTRIAL  ENERGY  STUDY  VOLUHE  4  8/8 

ANALYSIS  DATA  AND  BIBLIOG  (U)  INSTITUTE  OF  GAS 
TECHNOLOGY  CHICAGO  ILL  E  J  DANIELS  ET  AL.  APR  83  61945 
UNCLASSIFIED  AFHAL-TR-82-2919-V0L-4  F33615-89-C-2941  F/G  19/i  NL 


Figure  44.  WEIGHT  OF  CALCIUM  CHLORIDE  TES  SYSTEMS 


Lifetime 


Estimated  lifetimes  for  these  systems  ranged  from  5  to  50  yr,  with  22.5 
years  as  the  median.  Warranties  are  offered  for  5  to  10  yr.  An  experimental 
system  has  been  demonstrated  for  1000  cycles,  which  should  be  considered  a 
minimal  accomplishment. 

Charge/ Discharge  Time 

Charge  times  range  from  5  to  16  hr,  with  8.5  hours  as  the  median. 
Discharge  times  range  from  12  to  36  hr,  with  15.5  hours  as  the  median. 

Hobllity 

These  systems  are  mobile. 

Availability  of  Raw  Materials 

Calcium  chloride  is  a  common  salt  and  widely  available  at  about  per 
pound. 

Other  Parameters 

Locational  and  operational  constraints,  reliability,  and  environmental 
factors  are  presented  in  Tables  78,  79,  80,  and  81,  respectively. 

Table  78.  CALCIUM  CHLORIDE  TES  SYSTEM  LOCATION  CONSTRAINTS 


Constraint 


Effects 


Remarks 


1.  Water  Requirement 

2.  Manning  Requirements 

3.  Fuel  Availability  0 

and  Delivery 

4.  Fuel  Storage 

5.  Other  0 


Addition  or  removal  of  water 
from  the  hydrate  decreases 
system  life. 


Electricity  may  be  required  for 
fan  or  charging. 


Some  systems  rely  on  passive 
solar  gain. 


Overall  Assessment:  The  ordinal  score  is  4  Indicating  moderate  locational 
constraints. 
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Table  79.  CALCIUM  CHLORIDE  TES  SYTSTEM  OPERATION  CONSTRAINTS 


Constraint 


Effect 


1.  Part-Load  Capability 

2.  Overload  Capability 


3.  Load  Following 
Capability 


Remarks 


Temperatures  typically  cannot 
exceed  150°F. 

Able  to  follow  minor  load 
changes 


Overall  Assessment:  The  ordinal  score  is  3  indicating  average  turn-down 
capacity. 

Table  80.  CALCIUM  CHLORIDE  TES  SYSTEM  RELIABILITY 


Constraint 


Effect 


1 .  Moving  Parts 

2.  Operating  Temperature 


3.  Modularity  of  the  Design 

4.  Stress  Levels 


S.  Corrosion 


6.  Other 


Remarks 


Not  to  exceed  about  150®F.  Can 
sag  in  horizontal  position 


Floors  must  withstand  loads  of 
about  250  lbs.  per  sq.  ft. 

Corrosive  salt;  compatible 
with  polyethylene,  various 
plastic  films,  and  drawn  and 
seamed  steel. 


Overall  Assessment:  The  ordinal  score  is  4  Indicating  moderate  reliability. 
Sodium  Sulfate  Decahydrate  (Glauber's  Salt) 

Thermal  energy  storage  systems  using  this  salt  are  commercially 
available.  Mathematical  relationships  to  size  were  found  for  Installed  cost, 
O&M  cost,  volume,  and  weight. 

Sodium  Sulfate  Installed  Cost  (SSIC) 


SSIC  -  64.15  -  72.37  log  (log  x)  (47) 

where  SSIC  is  in  dollars  per  thousand  Btu  capacity,  or  size,  and  x  *  size  in 
Btu. 

Standard  Error  »  0.26 
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Overall  Asseaaaeat:  Dm  ordinal  score  la  5  Indicating  alnlaua  potential  environmental  constraint 


Sodium  Sulfate  Annual  O&M  Cost  (SSMC) 


SSMC  ■  5.3%  of  total  Installed  cost  (48) 

Standard  Deviation  ■  0.28% 

Volume  of  Sodium  Sulfate  System  (VSSS) 

VSSS  -  0.68  -  0.60  log  (log  x)  (49) 

where  VSSS  is  In  cubic  feet  per  thousand  Btu  capacity,  or  size. 

Standard  Error  *  0.18 
Weight  of  Sodium  Sulfate  System  (WSSS) 

WSSS  -  45.32  -  42.32  log  (log  x)  (50) 

where  WSSS  is  in  pounds  per  thousand  Btu  capacity,  or  size. 

Standard  Error  **  9.39 

Values  predicted  by  the  above  equations  are  shown  is  Table  82,  as  a 
function  of  size.  Plots  of  the  equations  are  shown  in  Figures  45  through  48. 

Data  on  efficiency,  lifetime,  and  charge /discharge  times  did  not 
correlate  with  system  size. 

Efficiency 

No  efficiency  data  were  found  in  the  literature.  A  total  system 
efficiency  of  95%  is  expected. 

Lifetime 

Twenty-year  lifetimes  are  reported.  One  thousand  cycles  have  been 
experimentally  demonstrated.  Manufacturers  offer  warranties  ranging  from  2  to 
5  yrs. 

Charge/Discharge  Time 

Charge  times  are  reported  to  range  from  3  to  10  hr.  Discharge  times 
range  from  6  to  8  hr. 

Mobility 

These  systems  are  mobile. 

4  Availability  of  Raw  Materials 

Anhydrous  sodium  sulfste  is  widely  available  as  a  bulk  material  at  about 
3{  per  pound. 
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Figure  46.  ANNUAL  O&M  COST  OF  SODIUM  SULFATE  TES  SYSTEMS 


Other  Parameters 

Locational  and  operational  constraints,  reliability,  and  environmental 
factors  are  presented  in  Tables  83,  84,  85,  and  86,  respectively. 

Sodium  Thiosulfate  Pentahydrate 

Very  little  Information  could  be  found  for  this  medium  and  parameters 
could  not  be  related  to  size.  Much  data  was  assumed  to  be  analogous  to  the 
other  phase-change  media.  No  commercial  manufacturer  of  systems  employing 
this  salt  were  discovered. 

Efficiency 

An  efficiency  of  95%  was  reported,  which  seems  a  reasonable  overall 
efficiency. 

Lifetime 


An  assumed  lifetime  of  20  years  appears  in  the  literature. 

Sodium  Thiosulfate  Installed  Cost  (STIC) 

STIC  -  44.47  -  51.58  log  (log  x)  (51> 

where  STIC  is  in  dollars  per  thousand  Btu  capacity,  or  size,  and  x  is  in 
Btu.  An  average  cost  for  one  capacity  (400,000  Btu)  was  found  in  the 
literature;  shape  of  the  curve  was  assumed  similar  to  that  of  calcium  chloride 
hexahydrate. 

Standard  Deviation  *  3.01 
This  equation  is  plotted  in  Figure  49. 

Sodium  Thiosulfate  Annual  O&M  Cost  (STMC) 

STMC  -  13%  of  total  installed  cost  (52) 

i candard  Deviation  not  determinable  (only  one  data  point) 

Volume  of  Sodium  Thiosulfate  System  (VSTS) 

VSTS  -  0.13  (53) 

where  VSTS  la  in  cubic  feet  per  thousand  Btu  capacity,  or  size. 

Standard  Deviation  not  determinable  (one  data  point) 
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Table  83.  SODIUM  SULFATE  TES  SYSTEM  LOCATION  CONSTRAINTS 


_ Constraint _  Effects 

1.  Water  Requirement  — 

2.  Manning  Requirements 

3.  Fuel  Availability  0 

and  Delivery 

4.  Fuel  Storage 

5.  Other  0 


Remarks 


Electricity  may  be  required  for 
fan  or  charging. 


Some  systems  utilize  passive 
solar  gain. 


Overall  Assessment:  The  ordinal  score  Is  4  Indicating  moderate  locational 
constraints. 


Table  84.  SODIUM  SULFATE  TES  SYSTEM  OPERATION  CONSTRAINTS 
_ Constraint _  Effects  _ Remarks 

1.  Part-Load  Capability  — 

2.  Overload  Capability  0  Maximum  temperature 

limitations. 


3.  Load  Following 
Capability 


0  Able  to  follow  minor  load 

changes . 


Overall  Assessment:  The  ordinal  score  Is  3  indicating  average  turn-down 
capability. 


Table  85.  SODIUM  SULFATE  TES  SYSTEM  RELIABILITY  CONSTRAINTS 


Constraint 

Effects 

Remarks 

1. 

Moving  Parts 

0 

2. 

Operating  Temperature 

0 

3. 

Modularity  of  the  Design 

— 

4. 

Stress  Levels 

0 

Heat-Pack  concept  has  low 
loading  (5  lbsf/ft2) 

5. 

Corrosion 

0 

Corrosive  salt  requires 
adequate  containment 

6. 

Other 

Overall  Assessment:  The  ordinal  score  Is  4  indicating  moderate  reliability. 
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INSTALLED 


Weight  of  Sodium  Thiosulfate  System  (WSTS) 

WSTS  -  11.5  (54) 

where  WSTS  is  in  pounds  per  thousand  Btu  capacity,  or  size. 

Standard  Deviation  not  determinable  (one  data  point) 

Values  predicted  by  the  above  equations  are  shown  in  Table  87,  as  a 
function  of  size. 

Charge/Discharge  Time 

No  data  was  found  for  this  parameter.  Reasonable  values  are  represented 
by  the  times  for  sodium  sulfate:  three  to  10-hr  charge  times  and  6  to  8  hr 
discharge  times. 

Mobility 

These  systems  should  be  mobile. 

Availability  of  Raw  Material 

Sodium  thiosulfate  is  about  six  times  costlier  than  sodium  sulfate  and 
presumably  less  available. 

Other  Parameters 

Locational  and  operational  constraints,  reliability,  and  environmental 
factors  are  presented  in  Tables  88,  89,  90,  and  91,  respectively. 

Form-Stable  Polyethylene 

Certain  cross-linked  polyethylenes  retain  their  shape  during  a  phase 
change  and  thus  appear  as  good  candidates  for  storing  thermal  energy  with 
minimal  containment  problems.  This  phase  change  takes  place  at  240°  to  280°F 
and  is  well-suited  to  absorbtion  air  conditioning  applications.  The 
technology  is  at  the  research  stage;  little  information  was  found  in  the 
literature. 

Form-Stable  Polyethylene  Installed  Cost  (FPIC) 

FPIC  -  50.66  -  7.32  log  x  (55) 

where  FPIC  is  in  dollars  per  thousand  Btu  capacity,  or  size,  and  x  *  size  in 
Btu. 


Standard  Error  ■  1.59 


Table  88.  SODIUM  THIOSULFATE  TES  SYSTEM 
LOCATION  CONSTRAINTS 


_ Constraint _ 

1.  Water  Requirement 

2.  Manning  Requirements 

3.  Fuel  Availability 
and  Delivery 

4.  Fuel  Storage 

5.  Other 


Effects 


Remarks 


0  Electricity  may  be  required  for 

fan,  pump  or  charging. 


0  Some  systems  utilize  passive 

solar  gain. 


Overall  Assessment:  The  ordinal  score  is  4  indicating  moderate  locational 
constraints. 


Table  89.  SODIUM  THIOSULFATE  TES  SYSTEM  OPERATION  CONSTRAINTS 
Constraint  Effects  Remarks 


1.  Part-Load  Capability 

2.  Overload  Capability  0 

3.  Load  Following  0 

Capability 


Able  to  follow  minor  load 
change  a . 


Overall  Assessment:  The  ordinal  score  is  4  indicating  moderate  turn-down 
capability,  moderate  efficiency  penalty. 

Table  90.  SODIUM  THIOSULFATE  TES  SYSTEM  RELIABILITY  FACTORS 


Constraint 

Effects 

Remarks 

1. 

Moving  Parts 

0 

2. 

Operating  Temperature 

0 

- 

3. 

Modularity  of  the  Design 

0 

4. 

Stress  Levels 

0 

5. 

Corrosion 

0 

Salt  Is  corrosive 

6. 

Other 

0 

Thermal  cycling 

l~3 


Overall  Assessment:  The  ordinal  score  is  3  indicating  average  reliability 


>v 


Efficiency 


Efficiency  ranges  from  90%  to  about  100%;  95%  la  a  reasonable  estimate  of 
total  system  efficiency. 

Lifetimes 

Reported  lifetimes  range  from  20  to  30  yr  with  25  years  as  the  median. 
Annual  O&M  Cost  (FSMC) 

FSMC  “  3%  of  total  capital  cost  (56) 

Standard  Deviation  ■  2.8% 

Volume  of  Form-Stable  Polyethylene  System  (VFSS) 

VFSS  -  0.198  (57) 

where  VFSS  is  in  cubic  feet  per  thousand  Btu  capacity,  or  size 

Standard  Deviation  ■  0.072 
Weight  of  Form-Stable  Polyethylene  System  (WFSS) 

WFSS  -  12.1  (58) 

where  WFSS  is  In  pound  per  thousand  Btu  capacity,  or  size. 

Standard  Deviation  -  4.45 

Values  predicted  by  the  equations  above  are  shown  in  Table  92,  as  a 
function  of  size. 

Charge/Discharge  Time 

One  charge  time  was  was  reported  as  13  hr  and  discharge  time  ranged  from 
4  to  8  hr. 

Mobility 

These  systems  should  be  mobile. 

Availability  of  Raw  Material 

Most  ethylene  is  currently  produced  from  petroleum,  and  natural  gas, 
which  are  becoming  increasingly  dear.  Ethylene  can  also  be  manufactured  from 
coal,  of  which  the  U.S.  has  a  large  supply. 

Other  Parameters 

Locational  and  operational  constraints,  reliability,  and  environmental 
factors  are  presented  in  Tables  93,  94,  95,  and  96,  respectively. 


Table  93.  FORM-STABLE  POLYETHYLENE  TES 
LOCATION  CONSTRAINTS 


Constraint 

Effects 

Remarks 

1. 

Water  Requirement 

— 

2. 

Manning  Requirements 

— 

3. 

Fuel  Availability 
and  Delivery 

e 

Electricity  may  be  required  for 
fan  or  charging. 

4. 

Fuel  Storage 

— 

5. 

Other 

0 

Some  systems  utilize  active 
solar  equipment. 

Overall  Assessment:  The  ordinal  score  is  4  indicating  moderate  locational 
constraints. 


Table  94.  FORM- STABLE  POLYETHYLENE  TES  SYSTEM 
OPERATION  CONSTRAINTS 


Constraint 


1.  Part-Load  Capability 

2.  Overload  Capability 

3.  Load  Following 
Capability 


Effects 

0 

e 

« 


Remarks 


Overall  Assessment:  The  ordinal  score  is  3  indicting  average  turn-down 
capacity. 

Table  95.  FORM-STABLE  POLYETHYLENE  TES  SYSTEM 
RELIABILITY  FACTORS 


Constraint 


1 .  Moving  Parts 

2.  Operating  Temperature 

3.  Modularity  of  the  Design 

4.  Stress  Levels 

5.  Corrosion 

6.  Other 


Effects 

0 

0 

e 

o 


Remarks 


Thermal  cycling 


Overall  Assessment:  The  ordinal  score  is  4  indicating  moderate  reliability. 
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DATA  SHEET 


Energy  Conversion  Systea:  Olivine  Ceramic  Brick  Storage  Resistance 

Heating,  TES 

Psreaeter:  Efficiency 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

Systea  Kef.  Study  Operating  Plant  Slse.  kW  Advanced  State  of  the  Art 


DATA  SHEET 

Energy  Conversion  System:  Olivine  TES 

Parameter:  Weight 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Siee,  kW  Advanced  State  of  the  Art 


DATA  SHEET 


Energy  Conversion  System:  Olivine  TES 
Parameter:  Startup/Shutdown  Time 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 

TES-!  10  hr  discharge  time  20-30  None 

(680,000  to 
1  million  Btu) 

TES-14  4.7  hr  discharge  time  12  (400,000  Btu) 
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DATA  SHEET 

Energy  Conversion  System:  Olivine  TES 
Parameter:  OCM  Cost  (Annual,  1980  $) 

Energy 

Conversion  Parameter  Value*  Plant  Assumptions  of 

System  Ref,.  Study  Operating  Plant  Size,  kW  Advanced  State  of 


DATA  SHEET 


Energy  Conversion  System:  Olivine  TES 
Parameter:  Acquisition  Cost  (1980  $) 


Plant 


Assumptions  of 


Operating  Plant  Size.  kW  Advanced  State  of  the  Art 


20(680,000  Btu) 


25(850,000  Btu) 
30(1  million  Btu) 
12(400,000  Btu) 


DATA  SHEET 


Energy  Conversion  System:  Olivine  TES 


Parameter: 


Lifetime 


Energy 
Conversion 
System  Ref. 


Frequency 

Parameter  Value  Plant 

Study  Operating  Plant  Size.  kW  Operation 


Assumptions  of  Advanced 
State  of  the  Art 


TF.S-1 


20  yrs 


20-30 

(680,000  to 
1  million  Btu) 
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DATA  SHEET 


Energy  Conversion  System:  Magnesite  Brick  Forced-Air  Electric  Furnace 
Parameter:  Efficiency 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Sire.  kWh  Advanced  State  of  the  Art 


TES-16 


Very  Small  Stand-  40-240 
by  -  140,000- 


Hone 


DATA  SHEET 


Energy  Conversion  System:  Magnesite  Brick 
Parameter:  Volume/Size 


Energy 
Conversion 
System  Ref. 


Parameter  Value  Plant  Assumptions  of 

Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


TES-4 


TES-5 


TF.S-17 


2.9  ft  x  5.7  ft  x 
5.6  ft  high 
(=  93  ft3) 


22 

(750,000  Btu ) 


None 


25’  x  25’  x  350* 
=  220,000  ft3 


1  ft- 


5.2  x  109  Btu 
1100  Btu 


1  ftJ 


TES-16 


2-6  kWh 


DATA  SHEET 


Energy  Conversion  System:  Magnesite  Brick 

Parameter:  Weight 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 

TES-4  2570  lbs  22  None 

(bricks  only)  (750,000  Btu) 

TES-5  15,000  tons  5.2  x  10^  Btu 

*  30  million  # 

TES-17  158  lbs  1100  Btu 

TES-16  20-25  lbs  1  kWh 

(3400  Btu) 
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DATA  SHEET 

Energy  Conversion  System:  Magnesite  Brick 

. 

Parameter: 

Acquisition  Cost 

Energy 

Conversion 

Parameter  Value 

Plant 

Assumptions  of 

Svstem  Ref. 

Study  Operating  Plant 

Size.  Btu  Advanced  State  of  the  Art 

TKS-4 

$4500  (Canadian) 

22  kW  x 

None;  mass  production 

x  0.80  US$/C$ 

10  hrs  -*> 

should  lower  costs  to 

=  $3600 

220  kWh 

$600-$ 700  above  conven¬ 

(750,000  Btu) 

tional  furnace) 

TES-5 

$42.9  million 

5.2  x  lO^Btu 

TES-16 


$1200 

$1400 


33  kWh  Swiss  &  German  fan  storage 

(130,000  Btu)  radiators,  installed 

60  kWh  English  cenral  fan  storage 

(200,000  Btu)  installed 


[iTr 


DATA  SHEET 


Energy  Conversion  System:  Magnesite  Brick 


Parameter: 

Charge/Discharge 

Energy 
Conversion 
System  Ref. 

Parameter  Value 

Study  Operating  Plant 

Plant 
Size.  kW 

Assumptions  of 
Advanced  State  of  the  Art 

TES-4 

10  hr  charge 

14  hr  discharge 

22 

(750,000  Btu) 

None 

TES-4 

8  hr  charge 

6  hr  discharge 

5.2  x  109Btu 

TES-16 

8  hr  charge 
13-16  hr  discharge 

: 

► 


TES 

DATA  SHEET 

Energy  Conversion  System:  Calcium  Chloride  Hexahydrate 
Parameter:  Efficiency 


Energy 
Conversion 
System  Ref. 


Parameter  Value  Plant  Assumptions  of 

Study  Operating  Plant  Slse.Btu  Advanced  State  of  the  Art 


TES-18  82%  (charging)  26,800  Test  unit  only;  larger 

99%  (discharging)  21,700  plants  may  have  higher 

efficiency 


TES-18 


97%  (discharging)  300,000 


Computer  prediction 


DATA  SHEET 


Energy  Conversion  System:  Calcium  Chloride  Hexahydrate,  TES 
Parameter:  Volume/ Size 


DATA  SHEET 


Energy  Conversion  System:  Calcium  Chloride  Hexahydrate,  TES 
Parameter:  Weight  (lbs) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 


System  Ref .  Study  Operating  Plant 

TES-13  3945 

TES-19  Pace  Corp...no  sun  4015 

TES-18  485  for 

total 
system 

TES-18  5675  salt 

+  tubes 

470  for 
total 
system 

TES- 3  7500 

TES-20  3300 


Size,  Btu  Advanced  State  of  the  Art 

300,000 
415,000 
21 , 700 

430,000 
30 ,000 

400,000 

310,000  Includes  container  weight 


704 


DATA  SHEET 


Energy  Conversion  System:  Calcium  Chloride  Hexahydrate,  TES 
Parameter:  Charge/Discharge  Time 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Sise.  Btu  Advanced  State  of  the  Art 

TES-19  8-9  hrs  charge  NA  In  direct  sunlight 

all  night  discharge 
(14  hrs?) 


TES-18 

16.4  hrs  charge 

21,700 

12.1  hrs  discharge 

26,800 

— 

TES-18 

36  hrs  discharge 

428,000 

— 

TES- 20 

5  hr  charge  ) 

23  hrs  discharge) 

170,000 

705 


DATA  SHEET 

Energy  Conversion  System:  Calcium  Chloride  Hexahydrate.  TES 

Parameter:  0  &  M  Cost 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size, Btu  Advanced  State  of  the  Art 

TES-19  "Virtually  maintenance  free"  330,000  — 

415,000 


TES-18 


$19 

$30 


430,000 

710,000 


1%  of  total  capital 


DATA  SHEET 


Energy  Conversion  System:  Calcium  Chloride  Hexahydrate,  TES 
Parameter:  Acquisition  Cost  (1980  $) 

Energy 


Conversion 
System  Ref 

Parameter  Value 

Study  Opera tine  Plant 

Plant 
Size. Btu 

Assumptions  of 

Advanced  State  of  the  Art 

TES-13 

$2500 

300,000 

"Inexpensive  way  of  increas¬ 
ing  the  effective  conductan.  e 
of  the  PCM  or  providing  multipl 
conduction  paths." 

TES-23 

$39.95  +  freight 
(FOB  Manchester ,NH 
per  thermol  81  Rod 

$4900 

300,000 

Rods  only 

TES-18 

$3000 

$1900 

710,000 

430,000 

Nucleators  work  as  intended 

TES- 3 

$1800 

400,000 

TES-20 

$2800 

110,000 
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Energy  Conversion  System:  Calcium  Chloride  Hexahydrate 
Parameter:  Lifetime 


Energy 
Conversion 
System  Ref. 

Parameter  Value 

Study  Operating  Plant 

Plant 
Size.  Btu 

Assumptions  of 

Advanced  State  of  the  Art 

TES-19 

20-30  yrs 

(10  yr  warranty) 

3  30 ,000 
415,000 

Extrapolation  of  7  year  test 

TES-20 

1000  cycles, 

>.  5  years 

5  year  experiment 

DO 

20  yrs 

— 

Expected,  w/90%  capacity 
retention 

DO 

10  year  warranty 

TES-21 

30-50  years 

- 

TES-22 

5  year  warranty 

345 

None 

DATA  SHEET 


Energy  Conversion  System:  Sodium  Sulfate  Decahydrate  (Galuber's  Salt)  TES 


Parameter: 

Volume/ Size 

Energy 
Conversion 
System  Ref. 

Parameter  Value 

Study  Operating  Plant 

Plant 
Size.  Btu 

Assumptions  of 
Advanced  State  of  < 

TES- 3 

rt 

CO 

10,000 

DO 

5'X5’X5’  -  125  ft3 

270,000 

DO 

1  ft3 

2,160 

DO 

16"X16"X20"  =  3  ft3 

10,000 

Prototype 

DO 

3.6'X3.6'X6'  =  78  ft3 

400,000 

TES-14 

6 'X2 'X5. 5*  =  66  ft3 

200 ,000 

DO 

X 

385  gal.  (space)  =  51  ft 

400,000 

DO 

4,X6'X4*  =  96  ft3 

400,000 

TES-22 

2 'X2 '  (tile)  *  0.7  ft3 

1,000 

None 

DO 

2 'Xl ’X2"  =0.3  ft3 

1,294  • 

None 

DO 

30"X4"  diam.  =0.2  ft3 

2,000 

DO 

3/4 "X2 'X2 '  =  0.25  ft3 

350 

None 

709 


DATA  SHEET 


Energy  Conversion  System:  Sodium  Sulfate  Decahydrate  (Glauber's  Salt),  TES_ 
Parameter:  Weight 


Energy 
Conversion 
System  Ref. 


Parameter  Value  Plant  Assumptions  of 

Study  Operating  Plant  Size.  Btu  Advanced  State  of  the  Art 


TES-3 

5400  lbs 

270,000 

DO 

200  lbs 

10,000 

Proto 

DO 

5800  lbs 

400,000 

TES-14 

3000  lbs 

200,000 

DO 

4000  lbs 

400,000 

TES-22 

44  lbs 

1,000 

None 

DO 

16  lbs 

1,294 

None 

DO 

22  lbs 

2,000 

DO 

10  lbs 

350 

710 


TES 

DATA  SHEET 


Energy  Conversion  System:  Sodium  Sulfate  Decahydrate  (Glauber's  Salt),  TES 

Parameter: 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  Btu  Advanced  State  of  the  Art 


TES -14 


8  hrs. 


400,000 


Discharge 


DATA  SHEET 


Energy  Conversion  System:  Sodium  Sulfate  Decahydrate  (Glauber's  Salt),  TES  . 
Parameter:  0  &  M  Cost  (Annual) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant _ Size.Btu  Advanced  State  of  the  Art 


DATA  SHEET 


Energy  Conversion  System:  Sodium  Sulfate  Decahydrate  (Glauber's  Salt),  TES 
Parameter:  Acquisition  Cost 


Energy 
Conversion 
System  Ref. 


Parameter  Value 
Study  Operating  Plant 


;»  * 

TES-3 

DO 

i 

TES-14 

$970 

■» 

no 

TES-24 

K- • 


Plant  Assumptions  of 

Size.  Btu  Advanced  State  of  the  Art 


DATA  SHEET 


Energy  Conversion  System:  Sodium  Sulfate  Decahydrate  (Glauber's  Salt),  TES 

Parameter:  Lifetime 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Sire,  Btu  Advanced  State  of  the  Art 


TES-3 

200  cycles 

lab  scale 

TES-14 

20  yrs 

400,000 

Assumed 

TES-25 

1000  cycles 

Experiment 

TES-22 

2  yr  warranty 

1,000 

Tile  (none) 

DO 

5  yr  warranty 

1,294 

None 

DO 

5  yr  warranty 

350 

None 

DATA  SHEET 


Energy  Conversion  System:  Sodium  Thiosulfate  Pentahydrate,  TES 
Parameter:  Efficiency 

Energy 

Conversion  Parameter  Value  Plant 

System  Ref 


DATA  SHEET 


Energy  Conversion  System:  Sodium  Thiosulfate  Pentahydrate,  TES 

Parameter:  Volume/Size 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size.  Btu  Advanced  State  of  the  Art 

TES-3  2.9 'X2.9 'X6.0'  =  51  ft3  400,000 


716 


DATA  SHEET 


717 


DATA  SHEET 


Energy  Conversion  System:  Sodium  Thiosulfate  Pentahydrate,  TES 
Parameter:  0  &  M  Cost  (Annual) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size.  *tu  Advanced  State  of  the  Art 

TES-14  $420  400,000 


VS# 


I 
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DATA  SHEET 

Energy  Conversion  System:  Sodium  Thiosulfate  Pentahydrate,  TES 
Parameter:  Acquisition  Cost 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size,  kW  Advanced  State  of  the  Art 


DATA  SHEET 


Energy  Conversion  System:  Sodium  Thiosulfate  Pentahydrate,  TES 
Parameter:  Lifetime 


Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Size.Btu  Advanced  State  of  the  Art 


TES -14 


20  yrs 


Assumed 


720 


DATA  SHEET 


Energy  Conversion  System:  Form-Stable  Polyethylene,  TES 

Parameter:  Volume/Size 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Kef.  Study  Operating  Plant  Size,  Btu  Advanced  State  of  the  Art 

TES-13  440  gal  400,000  Medium  and  heat  transfer 

fluid  only 

TES-14  495  gal  Cv3.6  diam.  X  400,000 

6'  high) 


721 


DATA  SHEET 


Energy  Conversion  System:  Form-Stable  Polyethelene,  TES 


Parameter : 

Weight  (lbs) 

Energy 
Conversion 
System  Ref. 

Parameter  Value 

Study  Operating  Plant 

Plant 
Size,  Btu 

Assumptions  of 
Advanced  State  of  the  Art 

TES-13 

3800 

400,000 

Includes  heat  transfer 
fluid  and  medium  only 

TES-14 

3800 

400,000 

722 


DATA  SHEET 


Energy  Conversion  System:  Form-Stable  Polyethelene,  TES 
Parameter:  Charge/Discharge  Time 


Energy 

Conversion  Parameter  Value 

Ref-  Study  Operating  Plant 

TES-14  8  hrs . 


Plant  Assra^tions  of 

Sire,  Btu  Advanced  State  of  the  Art 

400,000 


723 


DATA  SHEET 

Energy  Conversion  System:  Form-Stable  Polyethelene,  TES 
Parameter:  0  &  M  Cost  (Annual) 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref.  Study  Operating  Plant  Slze.Btu  Advanced  State  of  the  Art 

TES-14  $21C  400,000 


1 


DATA  SHEET 

Energy  Conversion  Systea:  Form-Stable  Polyethylene,  TES 
Parameter:  Acquisition  Cost 

Energy 

Conversion  Parameter  Value  Plant  Assumptions  of 

System  Ref . _ Studv  Operating  Plant  Sise.  Btu  Advanced  State  of  the  Art 


TES-13  $3400  (system) 


400,000  Successful  scale-up  of  PPL 


TES-14 


$4300 


400,000  Medium  cost  of  33c/lb 

at  production  10,000,000  lb/yr 


DATA  SHEET 


Energy  Conversion  System:  Form-Stable  Polyethylene,  TES 
Parameter:  Lifetime 


Energy 
Conversion 
System  Ref. 

TES-1 3 


Parameter  Value  Plant 

Study  Operating  Plant  Size.  Btu 


20  yrs 


400,000 


Frequency  of  Assumptions  of 
Operation,  Advanced 

Per  Year  State  of  the  Art 

150  Successful  scale- 

up  of  PDU 


TES-14 


20  yrs 


400,000 


*3? 


V 
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4.1  L  C  In  1 4.  FUN«*C4»S  UuINu  MAUNl^Mc  As  lHL  MtAI  Si  UN  A  CL  NATLMIAL* 
U#huk  nKU  t/i'JUlMur  wAU  MM  UHHUAltAL  ANU  fLUft  UHl  A I  Mu  |K 
It*  wAt.unA  I lii.f  I  ANk  UtMHAfikU  tlln  Mwul.CS  OSLO  Fun  Ihi  ULSliAl 
l»i  ruMvfca »  LM'LKktNU  Allti  INI  ru<4l«AU  OPlWAIInC  If*  HUMcS  K/k 
*  HlAIIH  lUakA  4*40  M  1Mb  CMANUCS  OUnINU  INC  OFF  MfcAA  1*  ALSO 
FnLSuNlww*  N  JC»U<  IF  I  iuN  Uf  iNfc  KUhMU  AMU  iNc  LUKIMA  SYSIfc* 
UA U  )L  CuKlNSC  Alx  FCUA  AMD  ItMPkKAIUkt  IS  UlVLN  ACUNl*  lllH  A 
Ln ILF  SumMAnV  UF  U»1  AN  w  MAHAt.  I  FUILN1IAC*  ?Mfc  CAFAblClIV  OF 
MjJluk  SuLFA  4c  MNlcAC  AS  A  kcPLACttChl  FUN  IfC  A»hl  WIKHSIVL 
HauNLSI  It  bkiC^  IS  SUNNnN  tZtUm  I  ML  NlMcU  4#  CVCClNC  UHi 
llAl  SNUA  IIS  IMA-MUVC.U  Me  WHAM  4  CAC  SlNfcNCfM  lllH  IHL  AOOI1IIN  OF 
UlMULH  MAlCMAAO  AMt  OiSUAbSCu*  IS  fcCFfc* 

bklLAliCiAlKU.  UkUfAiLIAlUUUhU.  FUNlAUIt  UfHOUbU;  IIS 

MAMKLI iUHLMAllUNl  UJiSFACL  MCATlMCl  UI.TmLMMAC  LMCMUV  STUN  Abb 
LUUlHMcMi: 


•CNU0J1A*'/ 

LANS IUCC  HlA  I  HUkAtal  FUR  A  SOLA*  iNfcMNAC  NQOfck  *»lAAI 
•ACOMIN*  I  uVNN*  S*S  FUSS*  A*S* 

CAclFilMMln  wKl  »•  *  UlnMLuI.Y  (USA|*  LAVNCUcI  bLMNLCfcV  CAS* 

I  VS 

ULV.  NIAS*  HC  AOVSMF  All* 
euMlMAw  1  »->'#*UN~tNU-A* 

SUL  |V#V 
1's.SIS 

LU.-i4viMia%MfruuN*o 

L4S*lAU/tMf 
LJL— VA«  4 

•  Ml.  m  K„.,l  4A  AAifU.L  UNc  FUSSILLL  COMF  I  CUM  A 1  ION  FyK  A  SfiLAK 

Ru«.  «  Huai. •  *1  In  A  sue  Si  Ctc -Hi.  A I  slunAwc  UN*1«  1«t  FkURuUtU 
Flu%-*v„V*  n lurg  IhlrtMi,  LNLnwI  SICnAOC  ttkUUR  Ini  MtAI 
CUCCCC  I  •  v*.|  9  A*w  1ml  rO»L*  RtMt  mA  I  li/i  UN 4  |  *4  Inowl  A 

KtwUcll*’*  lh  I  MW  f*4|  «MUUfNAA.  Iw  A«  A  iCAC  Ic  I  f  V  OF  IllL  LHlnuV 
»UF>*L.  U  It.  I- A  kUteK  I  UK  w  4  Me.  S*  LM.RUI  IS  blUNLO  Ol  MtAfiNC  A 
kiL*Mn»jfN  *>  Rmw\l^U  IhICAC*  A  vAS  iMAf  IS  CInwUCAILU  FhCN 
Irw  SUwA>«  Uw.alw.  IhkulCH  lht  SloKHwt  ON  1 1  ANU  iMt  PtiftLK 
FLAR  I  UUlltR  sinVlS  AS  f Ht  MLA  1  -  I K AMcF fc N  HfeUlUA*  NllnOutN  «*S 
FUUM.4  1U  uL  Mtlr  CnAw*X  lu  ML  C I  UR  FUK  lM|S  FukFwSw  •  A  UiKFultR 
NUNC  tli>  US 4,0  IU  UnlUIcI  IMS  bbHAVlUrt  UF  iMC  MrtllOUHFAl 

«*  I  UN  ACL  UR  I  I  ANw  lw  A  IS  AN  bi*INu  IHL  STuFAuL  UNA  I*  HKuU-DUkLS 

•  ueV.LUFo/  It  cdlMAlc  iMt  CGSV  UF  CCLCInIcHV  CcMwnLltU  NY 
(ra.  s%.c**»  Fwk:  n  *  C  At*  I  •  INIL  HKUwlOUktS  ICCUSlNAIC  IHL  LFFLC1S 
w*  vil/iSut  w  4I»  ItU.  LNwNC V  SIunAuL  UK  n  UK  |Mw  CUSV  Of 

LUk  IwKilt.  111.  LFfi.CIS  UN  I  Ml  sro*«M«ftt  UNlt  AKU  UN  iHc  luHL 
KRM  U.  <ttun  ur  UMIM4M.  StVCkAC  PMUClSS  ANU  bests*  HANANl  ItMS 

•  tfit  In*.  I*  LVawOnIlU*  IniS  SlUUV  MAS  LfcU  lU  l«t  U  1UR  UF  I  »U 
AlUnMIIV.  FMUCCss  CUNF  H.UMA1  IuMS  Fun  Sue  am  FOtLH  HCANIS  VlTM 
SlMsIUwC.  Mu’  A  I  SlONAuc.*  1  ML  SLNS  IttCL^MCA  Y  |1UnA(A  hnUCLSS  »AS 
ALSU  iJhrAULU  lu  IML  SUCfWN  UA  lUC  UC RlLACHltA?  SlOHACt 
MnuucsS*  IML  H NO Must U  UJfF  iUOCA I IuN  FUN  A  SUcAM  HUaLn  FcANl 

•  4  •»»  bmtRtfk  -MRl  SIwnnUL  FUK  NICMlllML  CLcclMlClIV  UlNLKAI  4UK 
HnuwUwcS  lUCClMlClIV  Al  Ihc  CUSl  UF  Hi  Ft*  M*/SUC  L/-MA*uOTm 
Ur  fhLjL  NuK.j*  **cAl* t S  wUKVCnI  Ml  UF  iMw  CNcKuV  AuSUKbtU  oV 

1»«.  #N  Wwir  u.ucv  IukS  IkIu  usaucc  LcLcInIC  LNCncy  •  II  IS 
UNvUu.  t  Ihtl  HMliLl-rOI  StuKAcL  CAM  HNwVAUC  cNCkcV  SVOKKet 
KiA  n  StiCNK  *wkCn  **wiAI  n!  *4  HLASUMAoefc  fM  ICk  USlNC  ItCMNUCUCY 
I  MA  f  IS  FNibrtalCV  A  FAIL  Al  CL* 

UNAfluH  4  lUc.tK  IwKSiCNV  |1  V  NCCL  IVcNsSClNINAC  RlCl  IVc.KSl 
LJM'ANmIIV.  CFA4.ua!  ItlNSi  WltUMFvIlN  CACvUCA  I  IONS*  bit 
t4R»  Jit  « ■*  I  w  •  w  WLSl  wMiCUSl  iUAl  A*uCSlUN5  ut  4LCUNUN|CS#FcUSSMCL?  Si 
u»S.  RtMvAl  c  ALIANU.  KSiMLAl  iNANSrtK  F  CUIUS  SMCC  lUM  SMAUKlS  I  UN 
lw*F.KfrW(M»l  IwAL  MfuLCJS  *kANA  INC  CVtLt  HUALn  SVSIli-S* 
ulftultkl  IkAI  blwR*U*  US*  SIcL  iblwAN  IuRl  INlS*  SvCFUK  UAiwL.-i 
«*Vs»Cnm  «A*k  Vu  IS  •  IAKnS  *  I  ilRUM,  lMlMuV  blUAAuC  IlfUlNuMi  ll«b«  i 
IrCNMUCf'C*  KN  ML  A I  SlUN  Hut  S  lUf^  INU  tVUkhilU«LR  FUCUS  HULL  K 
Fjkl.ll.:  I*. 
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AC  - - «ltK  Mi* 

Ku»H«>u 

II  ILL 
AUlliJkw 

Aoir*.<*  Air 

I  ULt  I MLNJ  I 

Loll  OH  OH  COMP 
LO  AM- 
A- Act  NO 
Ll*M*  IUL1 

COO  PlALc 
COAr  OA  I  i. 

Ult 

UlUUMl  Lb 
Hm*uk»  la  I 
HLPUi«l  Ku 
ao^Ikal! 
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Ofc  -*Lr\ 


AClI  ob  AON  Ku* 
II  l»LM| 


COI  Ion  oh  comp 

Upl'wiUtU  Avlrt 
PAOI  M 
AVAAlAi  ALA  IT 
COI^ACl  NO 
O#  IL 

CAlfc  CiANlLb 
PNAMAHV  CAf 
KIMumI  No 
Al^Ihm  T 


TES-8 


OLIm>  l^liAi* 


ACCfcbWlUN  —Jm 
Hi  PO»«  1  NO*PA4*C 
1IIOL 


Ncvuvi.  .->7 

LONP  P*  *-L 

CNL  ION  u  PtlP.bC.  ChAMiC  MA1CHIAL&  IN  UMCkblt  MAbUNnT 

LUNUImOC  I  ION 
mUKAlam*  Lit* 

iikuuKiw«*(  N  KAl  IuNAL  LAO*  *  OPT  ON*  NY 

PkoLLLO ANob  l *■  IhL  bLLUNO  ANNUAL  t**.MMAL  tNLHOV  blURAGt 

ui( ihali o»«b  a  aa+ummai  ion  cacnancl  Mtt  i  inc 

rilM-f  MAN*  M*«*$  FMACCV*  b  •*  •  I  NtOL*  ft*  J* 

COMPO* 

<• 

L<OA-IK^MMl(N  I  AUIANLl  MLLTIM*  TOM  ThCMMAl  CNLHOV  WlOHAct 
PHUOHAN 

OJICINoUam*  IN*  ObA 

*S  bi.P  IV/'f 

IV/> 

100 

LUNP-#  Ivs^t.— 

Ire.  tNc^dULAl  1UN  Ur  PHAbc  LHANot  KAlLklALb  |PlM|  In  NAbUKM 
OA r  '.Mj  a  NLlruJu  KiH  PHOOUL  ANC  A  LUW-LUbf  LNcMOY  WIUhAOL  bYbli>. 
■nun  LAN  bt  HANOT ALTUkLu  allh  ONLY  >NA|  I  MUUAPlLAl  loNb  lo 
LAlbllNc  PkOLL  biLi,.  IT  liCKMAL  SIUhAmA  U  UNCO  IN  CUN  JUNCTION 
■  AIM  uIHlN  CO  NO  i  T  I  ON  I  No  SVOlCM  NUOI  f  |CA  1  lONb  brtlCH 

PmUYAol  INCH  -AbC O  UVtkALL  LPPIcIlNlY  UP  HfcAl l NO  ANO  COOL  I NO 
olVIclL*  Via.  Ole  up  IkpHovlo  IHcHmal  MANAoeMLN  I  phalIIlw*  anl 
I  Ml.  Of  T  I  NON  a>  U  or  KATIUKAl  LClCIhIL  CLNLnAT  INC  LAPMcllV* 
NaIIumhL  bAYANob  )HA  I  bocblAMAALLT  LALtfcO  IN  Llo  LoUlVAcfcKf 
Ol  MALLlUNb  It7  bAMiLU  Ur  ole  ANmoALLY  CAN  U  UUIVlu*  iHc  Mob  I 
O-TICIlNl  PL  AC  4.  k  PHUVliA  bUA»blA*llAL  iMfcHMAL  blUHAOL  lb  IN 
IlC  OIHUclOHi  ANO  LUMPUN~Mlb  WHICH  iMMfcOlAltLY  bUnnUUND  A 
UUlt.l>iNo»b  UL*.uPANfO«  lHL  PHmJlCI  bAb  INlTlAltO  IN  AOoUS I  |V7l  . 
To  PAIL  SUKOC  It  AKo  CUNCHtlL  POeVMtM  bPtClMLNb  HAVt  ULtK 
PNepAHwO  IN  •HACII  A  PCM  NAtUbOU  cl  *  (AAbUL  ctu)  HAW  ULfeK 
ObLti  AO  A  PA«1 IAL  MLPlACLMLNI  Poh  bTtiNL  AOOaLOA  It  •  lAPcmIMLNIW 
ll.  UbllNhiKL  I  rlc  HA  A I  MOM  LONCcNINm  1 ION  UP  PCM  lhAl  CAN  OL 
H«LU*«PoHAltO  IKIO  I  He  MAltHlALb  ANO  lU  Ot  1  LKMAKl  lHL  UP  1 1  MOM 
PLM  UiUutKlAAl  UN  «llH  HcSPtCl  lU  lHL  PROP  CM  1 1 C  b  UP  Int 
LtMPObi  Kb  ANO  tNCHOV  WICK  ACL  LHAHACl  tH  1  b  I  |L>  AMfc  COMMtNClNU. 
I.MlwALULlLP  bu  MAIcHlALbiOOlLoANCbS  UlUINSKl  Itbi 
CKLAPbuUI  Ion;  C|«hlaI  WImKAOlS  Uc  ;i>UM  HCAl  blORAoti  lij 
Ph*S»i.  LlMtSi.  AAlcKl  ALb  •  IIJHLbtAKCM  PKOOHANa:  oJi  IlltMMAL  t He  HOY 
blUMAOt  LUOlTHCNT i«ALLb 


OnvUt.il/ 

•  <LHNILAL  ANo  tCuNONAL  PtAololLllV  U»  »Ht  fcMAL  LNLMfrV  bTOKACL* 
HcNnaL  ».N|hwV  bliM*U  APVClCAIftoK  lo  VHC  oKUK/AtNANK 
IKl-oCtTnV*  PINAL  HLPUmI 
Am  lNn  *  0*H • 

A*LNt mAl  lAjlCIhIC  Co**  Prt  ILAOtCPHl  A  *  PA  <UbA»  •  bPACL  Ol  Y. 

Av* 

04.  P  •  Nltb*  PL  AlbSMP  AO  A* 

LON  I  HALT  tY  -  IO-C  -/bb* 

OL  I  lYU 

tOO-C00Ov0i3UlA0AiAC<NA0A 
LUb— tWOOUw 
LOU— i.  Obr.—i 

AN  ANA  I  A  mL  PHU ML L I  lo  WlU/Y  iHt  lUrNiCAL  ANO  tlUKOMV 
PJIbibUlll  IP  IMLMMAA  LNLHoV  bToN  Ao*.  Ikbl  IN  Iru.  IiaU  »  aJi* 
LOvbUHcH  K**i«C  Ibi  Nkth.lT*  lHt  Ml  0 1 04  N  I  I AL •  CUNNLHlIAL  A"*L 
IN,vblnl*.L  b-wloNw  lb  Ot u.kIU.0*  A  HAJUH  UfcJcClIVt  or  Ini  bliLT 
A*L  To  I^lM  irv  llAjLb  1  Lb  ApPlIlAII UNO  PmOM  brtkh  A  Kon 
liMLlbt  olUOY  COOLO  OL  LAUNcHlO*  LtA/IKw  lO  A  CUNLLpIOa^  LcbluN 
Mlo  In-ctPln  YaLIoaIAoN  ajp  Inc  lib  t«**HuY  IMPALlb*  mu  1(  PAiHT 
UiIluKhM  i  of..  bOL*l  PMoNMAM*  Ink  b*  Ilh/LL*AM  L  IlLLikkU 

lma.MwNlv  Oil  plmIuoAw  kIlNI  am  1*0.  bv  IilIH  UKkA 1 1 »*c  l Ye*.. 

kiluOl  TIU  -V  Am  1  AH  1  LNtHCY  WUPPL  V  ANf  CONOcoOcNIlY  VA'>N<  U 
il*I  rtlJtL  lPH*  tHlb  APT  wACAlluN  »AO  UNL  UP  U4  NOHlhOcL  IlL 
Uivunlul.liu*  Vhaa  lMLmOcO  Pnom  IhL  Plkbl  WlUOv*  *o«  AV«UAt.a 
r*j»  IhL  t  *•  i/k  Ill»i<«|lal  iNr mmKa  1 1 o»*  lCNIlH*  oah  Hlocc* 

1LKKU*l.  *  IwcMPUu  AW  KtKMl  Ini*  Cuu-ibbfc-l  • 

I.HICAOS  IIIC-MAHIla;  MuoNiAlLliMAblwIlIlT  WIUOILW:  LbJ 
PHUOOLIIoN:  vl  •u.tlUMKAL  tNLMOY  blUMAcC  LoOlPM4.Ni:  UlOOLtS  OL 


W0CU077IAW  ^ 

UL»l!ruJiuNl  J',*UKll53S',iNU».kfcJ  Tu».  CkfeCIHUN 

OT  HIOM  OLMbllT  HUklCImuM  k**.«Ot  itONkOt 

TKU.Uk  OCkOL-OP  ANO  ONUUOOllUN  OT  APPi.  »CA  I  ION  lAMNItTIt*  SP 


/  4 
/‘J 


y.1  7  .7  r*  vr  r  -  t7 


H 


AUlt-noKb 
Auiiti  h  »»r 
i  1  it:  l  i 

WAvl  l»_ 
AUUAcUl  IV 
Unw  I  i  IkV 
IkAt.. 
Cwitl  I'M  I  «. 

M«  •  t 

CA  IU 

NNImAN*  (A  I 
Kk HUM 1  Mb 
AObTrtAi.T 


MLSOU*ICM» 


mhILX IAL 

1  mL T t  h»  t*bi 

Ul.iV.  WA  wAVtUKi  (jH 

IlChKAi.  titLHwV  >  liMAltl  •  KlUAlh  ANNUAL  fcfcVJLfr  MCtlINi* 

j.lw-wal 

Mils*  K  AWMI  oil* 

ULnMI  LNUwf  ^luMAIaL  MLVlt*  Mfcfc 1 1NU 
If  wl«\«  Lia NM*>*  f  A|  UVA 
J  J.k  l,,*v 
IV/** 

fcU:-*t»4cvt 

tlN-kN.t.bl> 

— /V  |  it  _>«f— — 

KfcUAHCh  lit  &AVLLUH  A  iNhMMAL  fcNi-NtoV  SIOMAfaC  ftVfcltM  CA&tU  UN 
ltkM.AUf  Ij^.-blABU  Pk.fcXfc.1b  IA  N IfeM-ULNb I  »  V 

KuLfb  ini kLii;  (nur'Ll  kkLNamLu  HI  UtCfNUN  fctAM  (kbl  ImKauIATIiA 
U  bL^Ut^LU*  frti.  UNIIMO*  Lb  InKALlAllcM  CUNUIIIUNb  70K  Hl**£ 
MaVINo  lrc  HIUIAbl  KiSblutL  K.AV  Ur  ruklun  AML  UbbllMtU*  A 
tU»-L*»  BAlWH  ur  I  ML  U^UMiM  MAI  CM  IAL  AAb  HML  PAHLl/  AM/  t  VALUA  IE  1/ 
lit  A  ic.LO«-ulU  HILUf  llbKAvt  UNll.  A  Ib.OOW-Cfa  uAICH  MILL  bL 
ILM  cl/  *  ANU  UcLlVfcfc«.W  lb  UUfc  lUMNLI  FW  FULl-bCAit 
AM*ULAlluK  LblU  IN  Iwt  rulUML  •  10  UA  It  UUHUM  /0A6  ANU  «s 
MrOAnAub  IfAVfc  MfcuN  U.UC  IL  O  Ab  liA  UN  1  I  MUM  hW't  ANU  UUbt  • 
AtbkLUHbV*  IHL  «.bW~LB  oAVCM  HAb  btLN  AMlPAUtb. 

LnUbb-tiiMtAbi  UUiLLkClItlA  WAAIi  IhkALUl  lUNiAAltM  ALL:  UltU^i 

url  Ihl^A  I  luN  ii^tLU  1  biMA  ft  1HVLIM.L  J  lA(MAU|AllUN  ublUtlkNIlULL 
MCA  I  blUHAte  ;  1*.  >U> ;  IhkhML  lAfcMbf  blUMAub  kObJrblM:  VJ 


AitU&lUiv  i%w« 
I  I  I La-  (MUfAil 


LLaIJM  UA  COM** 

A  I  r  AulH 

i  i«w 

AVAii-Aulbl  I  V 
LUAIVALI  Mu 
l#A  Ic 

LAILoUMl Lb 
rhiAAfcT  LA  1 
UtMtAl  KU 
AMblfAL) 


OkUxIPKAb 


AiwudkUbc 

LULHbl.  i*«.A«  InkAuIAIIUN  Or  M lk.n  ULNbllr  KiLVklMfLCNk  PkLLbli 

rus  Ini hmAl  Jimof  btunAU.*  MNAc.  HkHONl  O A  lAbK  I  ANU  lAbA 

A*  JA«U«*hY  L  •  IV7V~JANOAm«  4v  IVcV 

UMflbUN*  Jokoi  lALVkM,  I mOm 

UAVIUN  UMY.»  Un  iUbrl*  kL bfc AMlH  INbl* 

wV 

UtM.  M |b»  Hu  AW A/Mr  AOl * 

lUvIhalI 

r.Av  ivci 


kJu*«bvl-n(> 

«.WU-4CbLLvW 
UKM./UU1. - /MI/I 

|rb  objLLllVl  OH  IHIA  MltJtU  >«k  1U  UtHINt  IHL  LUt,lki«  bLAM 
iMKAOlAtiuh  UJhulllONb  NrUUItU.li  IU  PklhiNt  iNtNMLLt  fUN* 

:>l«.iL  NIuN  HOt.VLlhVu.nl.  InW-Ll  Kltclt  willn  Mt 

uUllwLt  H  UK  I  ntNML  LIM.M.T  klUNtU  I  ILL*  «N>Lltt1luKk  lb  Ink 
I  b-tttlUM  INlLKtAL  U»  Ulrltut  U<  lU  UUlWN  U»L.  IHt  UHI  1MN 
N.lCNltL  AN..  LW.UI1IULS  nun  LLLL1MUH  U.A>  A-LINnINI.  VIA 
l«AliWllJ<  ut  iHiNhAL  t-UlU*  blAHlLlIV  AMI  hL1AINt.tr  NtAI  OH 
lultlH  U  Hurt  HULL  I A  lit  A  LAbOtoAlOtoV  |  A  1*1  TLA  Oh  I  1  «AL 
liw  IhkU.  .In.  WUUMli.  oF  CmUASLIMU.0  HOHL  HLUIIk  UMUEh  IHt 
OH  I  I  no  A  LOhUll  IONA  Ott-  lhi.ll  IN  1AAL  I  bthb  MANUH  AC  lUMLIA  AMO 
LVALUnIlu  til-  ATAbILIIV  Ut  LAlLNAlVL  1lkMIUCVU.IM  IN  A  MILOI 
HlAM  It  i  Oh  It.  IbllN  lilrrtKtM  HuHt  aWi.Lt  Nth  A  HHt  IHRAOIA  KM 
twin  MltVLtJtl  KAMI  I  IONA  OH  It*  I  til  AL  NAOlAlltlh  WOAL  NLlLIVLIt 
.»*  IHL  HULL  |A.  I  ML  LLLL  IKON  bcAH  ALLLLLMA11M.  HOILhl  IAL.  TnL 
LLLL  INliK  At  a.  LONMCt.l.  1m  LHFLLI  OH  IhLhl  AMOAWMLMLA  UURIM. 
ILhAmImI  .oh  muLlualWn  Uiu  IhL  LH  Hu  I  OH  AIlKhlhu  IHL  HULL 
HULL:  f  A  uUMl.A.  I  I|L  ImLAOImIILL  MkuatllM..  InL  CAHLNlttLhTAL 
VUULA  IU  In.  HLAl  OH  IUmIUN  ALL  Inc  NtLI  ILL  HtHtUAlMt.  Of  IHt 
IMAulAliM  MtHl  He  LU  1 A  Mitt.  th.AAUNL.tr  AMO  CUNHAMlH  to  IHL 
MNLOt  A  or  1IL  AA-MECtlVtO  Hi.li.ttL  IU  LVAlaIAIL  IhL  LHFLLi  OH 
i mm AOl A I  iua  HtAULINMi  IHL  ML  AOL  I A  MMUl  I  HA  I  HOWL  HtLLL  f  A 
H«ttultl.li  In  A  OtAbL  UT  A  MkWthAUb  HAUL  AOHH  iLlLhl  1  IMA  HAL 
AlAJlLlil  ALo  HtlAINcii  HLAT  UH  HOAIUN  IU  ML  UbfcU  AA  lLA 
■Alt  M  IAL.  Ihm  HAhoHALlUNL  OH  Ib.llOO  Lb  OH  LLUAA  LINUP  HOHL 
HULL  I L  ton  lA.ui-a.ttl  LttLUAI  ilM  ut  HAlLUtAL  HOL  HULL 
ntAllliM  Aim  LOU  ILL  AVAl  I  ft  A  lb  httUMIAMP.  ILL  LI 
LLLL  IMUM  AC  AU  ilhnAUIAI  lOnlMAILMIAUt  twIHULL  I AIHLHHOMNANCL 
IlAI  IhttlHULVLlHVUMLAI  1 1lhLAAAhtAt  HLOUOtHAl ALMAlbLt  Mil 
AlUMAOLi  18. ul  IIHlHNAL  LVUINA IlHLAHAL  UL OMAHA 1  lONlINtMMAL 
LMLhttV  AIUMAut  LUOlHhehl 
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LLAwwLO. «  M 

AUrrO-LI.LAHbn.Al  ION  or  NlA I  AlUltAOL  hhaal  — lkalll  nailmial*  hul 
UAL  11.  L,.  A I  Hi  l*  1  ILL  UUILblnOA.  Illln  OOAN1LLLV  HMCM.LLAA 
kuHCttl.  UMUlUkt  <V.  l»»/-OtLLhULL  XV.  1011 
LALt,  C.A.I  ntAlili  O.L.i  HAM  r  A  ILL .  w.b.l  AOAAOA.  H.L. 

HU*  LhlhilAl  Cam.  MIolaNh.  HI  luAnl 
Am 

Ott*.  LI  la.  HL  AtU/tl  All  1  • 

LOi  InALI  .  I  —  Ih-v-LO— Attl  1 
LAM  I V  /«. 

ChL-IAH.  i-wl«tArtrOL 

tOl-lt/Mtil 

OMO - H.  I  I— to 

UaClIIVla  Alt  10  AbALAA  I  ML  HLAAIbILIIV  OH  NACftO-LNLAWAULAItb 
r  O*  *  A  r  Or.  Ml  At  in  L  I  IAL  AO  LAN  ATATcNA.  lu  Ut  MLLUH  AMO  LVALUAlt 
AULH  A;  A  It.MlkuA .  cLLAWAULALt  MAIlnIALA  UNOlL  LOhAIMLNAI  lUN  AHe 
tULllLMi.  Httt  AlltLL  HLAAIIt  HILDA.  AIlLL  CALA.  Afu.  HuAAllL 
OmIIlAA.  HLM  -J  Utu.  A  lout  AML  HU  ( hut  AOA  At  1 1 AUU  nA.OHAAOb  <  Mr  . 
AILANIL  ALIO.  MOthUAAWH  uAlAAOs  <t.tntUb  AAo-ftnAAOb  AAhULAOL 
AA.  A  A ItAlV  t*>  IHL  aliH.AU  LAHAHIlIIV  UH  CALLAAUu  LA.AHAAUt  a»U 
lULHaUImIch  IN  HlLltlnVLtht  bUllLtb  HA*  bLCM  LOHhleILO. 
AmliHIUI.  1. 1 1  ma  ILaIL  ALL  IOL  LHOUNIOiAi  HILLlAHahOI  lOLi  Oil 
llHNN!.iutiriNiltlLllT  tlUrl.tlHLUt  AAlttlHLAI  LUAAC AlLAlLhl  HLAl 
uIvNAui  >  LA  itttuML  At  Oh  hi  IhAlt  AlUL  lAULOAhOIC  AL  IH1HLML  UmMANLL 
Iwkllhttl  I.AIHHAAL  uHAhbk  AAltklALtl  1  I  HAL  IHLAL1  ILA  t 
huVlIHIuMLa!  tttluUll  IAL  MWlOWlMbblbOOAIt  HLAl  IHL  AVA1LMA lUILAN 
AhALL  ilaI  Ihui  tluLti  IHthMAL  uNLNwl  AlUNAuL  LOWlHMLhl  I  18 
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U«r“V^i  F  r*  •  be  I  -OS* 4. 

Uv  Ku)  tlvKAU.  UK  U4eAK  AIN  uONOJ  1  tUNlKu  AMMlIcA||OKM 
Ollt-l/lkC  M  rortM-S  |  •  NImii  Lb  twill  MuLVcIiIVLcNl  HULfcl  ufcO 

kni  IhKlKi  h*>-«  t  JfkNlNU*  b«h»  •  OALLi  b*L*  «  ^ALltA*  1  *Ui 
MOkbMN  III  •  •  UAf  iUl«i  Utl 

^JUtUrtLo  .r  .ULKk  wUKUV  ilUKKbt  OKlIuKMt  VUuUML  I.  AN 
1 N 1 L  N_t  I  V»_  ■l.iAVtU A  ON  Ih.KMAL  LHiNbT  MluMAOL  MA  b(iL  AK  HlAIINo 
AN'  wl.’uLllik 
bcl -jSi 

UtH.  Fc  AIM/Mr  AC  I  • 

bU-Ai  LU>«i»V  MiUNNGl  UHliUNb  •IXAbhUe 
OAK  Ak1i-«1U«  I  As  U»K 
«M-  IV#V 

»l  /' 

I  uL>-  In*  ..  i>i«  wU  wV 

LU  “lAtwwC 

LJW-  -IVwJtb— **4 

A  HhAbt-vHAAU.  iHeAMAL-iNkKUVbTUkAbl  (Itb)  biu  MAlthlAL* 
CiAbUI  l(>w  u>  fUKf-blAoLt»  CAVblAUlNCf  hlun-C^Nbllt 
HvAILlMw-Kt.  Inure.)  AAi  UtVkkO^CU  t»t  MUNbAHlU  WtbtkK\.h 
UA'^AliuN  (Ani.it  Mfw  i  i>  UlJLllV  UtWNblKAlkUt  hiitM-lANbllV 
PjLVtlMVLLNi.  i  M  A  tUk-vubl  .  CUAMLrCIAL  HlALI  1C  iMAl  IM  MKUGUCtO 
|N  I  Me  ua  oN  A  hUi.1  ibiktiUK  ou/*N  bCAtC*  MmK  hAb  A  HIGH  LAI  tM 
hcAi  Or  AiibleA  VALUL  I  Nfc  AHLV  MM  CAL/O  ON  VC  0lU/Lo)»  IHlCH  lb 
t^U.Nl  Ul  rot  II  lu  Ot  OdeFUC  IN  IHlNMAL  fc.Nc.NoV  blUkAtoi 
ArVLUAllufibt  ur  vLAJlUhAULt  INMUKlANCt  F0h  MULA*  CuCDMm  iHfc 
Lkf  M  IalL  AN*.  Ni.1  iNif  UlM  ANu  FNi.fcc.INo  HilMI  Or  HoMfc  Akt  IN  Iht 
Ub  lo  I'twLMU'  MFC  I  tkb  lo  coAkbwk  b»r  |  UMHiRAlbKl.  NANOL  MUul 
M/I  Ifcw  FUk  bU.«A  AuMUNMl  tUK  A|k  CUKul  I  lOKIMb  ANFt  iCAl  IONS* 
r-uMlriLNMO.Lt  II  |fc  INMULUbLfc  IN  COMMON  HfcAl  IkANbILk  LloOlUb. 
MAH  AM  »AUn  ANO  blHYUN.  U.VCUL.  lHL  All  IN  iHfc  Ufc  VfcCOMMLM 
UT  Hoki  AM  A  OfctFUL  IfcM  NATCNIAC  1AM  lO  Nfc  IAIN  IlM  HIGH  Nfc  At  UF 
FuM  I JN  VALiAi  AHlLc  MAKING  il  OlNL  KMl  ONALL  V  MlAOLk  «HfcN  MLCllUt 
InlO  0AM  CON*.  uV  A  cJM«UllLj,  LlMlVfcO  C*UMMc INN Ifeo  ItV  UIhU 
CML  MluAL  UN  NMOIAIIUN  uk.obL  INN  1»»C  I  UF  IHfc  HOLVNfcN  CHMlNMt  iMuM 
kLAlHKlkKU  IMLIh  MuulLlIf  lO  MUCH  At.  t  A  1 1  Nl  1  tti  I  I  Ht  HiLYkLk 
KUUeu  r...l  FLU*  IN  1  in  r.LLl.  lHL  KCOULlb  UlUlNu/  fnUM  A 
CUM  I  -trtti.  I  I  v.lw  MM  AuMHAKlUUN  OF  iHMfct  U|FFfct<fcNl  NtlHOk/M  OF 
UU^tllAiNu  HCMfc  lu  MAN  c  II  A  FUNM-M I AOcL  •  UMLFUC  IfcM  KaILm  IAL 
AKL  mMNlfUt  IN  AJl/ITIIAk  lHL  MHUAtcftO  LUmIM  OF  a  FmuFJU£* 

Hit FiHUwtb  iNtMNAL  IkAHjFtk  MtMlfc*  Akb  CUMmAnLU  10  1HUML  OF 
UlHLN  klwUli/  ANu  Air.  IhcHMAL  |  mnNMFLm  IfcM  MVMlfcMM  OPbkAllVt  IN 
It*.  MAN.  lUtf  lu  iMilvUK  OMC  MANou* 

ALbJNFlia  tncF  Ml  Me  mA  1  ION  L  VCLfc  tCUMl  iOMOMM-C  IN*  INol  Oil 
bU/HuM  •  CO*  UMtHnl  iKMNbt  L  N  FLU  AUM  iLAlfcNl  HfcAl  MlUHACtS 
1 M  •  O  1 1  u.  tw.SNLl  Iku  rUK  IM  JFLLLLI  M  «F*l  nFOkMAMCC-  •  F'OcvL  IHVLtM  Ml 
IIiFnUwUIIUM  M/UM  aim  CUNOII  lONfcNMi  1  tr  I  IHlnNAL  LNcNoV  MlUHAGt 
LutlFMc.Ni:  U 
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I'.iliiMt.t  m«A#  t  ULNNiNMt  Uth#  i  O  ALL »  CtLt  lilt  lAbllkt  l#lit 
AU  VAHlu  ML M  COMM*  OAVlONt  OHIO 
MOO  -  F*uaMI««  v.  MM*  No*  !«•  H-*  Mn-Mc*  Ml 

OLU  IVli. 

lUi-UbuvKttiUilVIUMlMrVtUUWI 

Lui-lAJrbitv 

Itlwti  ufcNMlIf  MLC  ttIHtLLNt • 

MmAwL-CHANU  MAltM  I ALM  HAVlNw  Hlotl  LNlc.Nl  HfcAl  M  OF  FuMlUN  l#  Ft  M 
At.  AUvNNlAOi  UVfcN  btNblbO  —HI  aI-NjNLV  MlOKAUt  MAltM  lACM  IK  IfcNMfc 
Or  1  He N MAC  tlfchiil  MluMAOu  I  lfcM>  FLk  UNIV  OF  VOLUMc •  MUVLVbMt 
ko.1  PnAuc-LHklNL  MAlLMlALM  MUFFLm  UlflbM  ONAMMACAMt  MUCH  AM  THl 
|MkUMfkU.AI  ac  Lt  INC  UCHAVJUM  OF  KANV  MALI  -HVUNA  IfcM  AND  PUOH 
Hr  A 1  IknNMFc*  IN  LANuL  MlOLNM  OF  MANAFFIN  MAN*  A  HIGHLY 
Lt.VMf  ALLlNfc  rULVMLNt  MUCH  AM  tilUH  OtNallV  MOLVfc  THVLfcHfc  CHW-blt 
orr LmM  UFlKtlfc  AUVaNIAolM  AS  A  KUlCNl  |AL  THlMMAL  fcNLHGV 
MlWMAOc  MA  It  ml  r.L  IF  I  I  IM  NfcNOcNtK  F  UKM“i  I  AoLi  MO  1  HA  I  II  UOfcM 
Hu  I  ruO*  Lit  H.Llliw«  II  IM  UfcNUNL  IKAl  cl/  lHAl  A  FOMM-Ml ALLi 
Cm?  jImlL  l<«l  rwr't  ml  tit  I  — ut  M  maILniaL  IM  UMtFUL  IN  IHfc 
U(/-l«i/Fu.(*ru..fcL  IfcMMcNAloNfc  NANufc  FUN  MULAm-AUMUnMI  ION 
AIM-LONOI1  IOM  NO  AHFLlCAllUKM*  lHL  M iLAHfc-GHAF  IfcO  ANU 
LtOJMML  IftHLU  N.J1M  HAM  A  Ml OM  HfcAl  OF  FUMIOH  LOMUlNfcU  MllH 
L  AClLLlM  4>U*tA  Ll  L 1 1  V  ON  LVcL  INU  IHMOUoH  I  CCC  MfcLl/Fkfctfcfc  LVCLtM 
IN  fclHVLLNL  CC  VC  Out  ML.  MO  Cl  M  OF  A  IfcM  I  MNUOMAM  ANt  MUMMAkIc^U 
ANu  fcAMLMlMfcNlAL  OA In  ANfc  lAOVLAlfcO* 

CKuMM-L  IININuil ufclUk  HlA1|LAIlM  HLA I  MlUNAGfct  M^vUASPHAMC 
CtGkwL  MNlLNIALMl  MO«Ul  toe  |PHV  MICAL  MkOMtHlltMl  UJtUMl 
HOlVcIhVLLNcm:  MA  tMUcAN  AIK  UtNillllMlINt  NN  |  IfcMl  INGllHMMMAL 
u  He  Hut  MIOKt.ee.  cUUlHMfcNIS  Ml  iU^c-M 
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1UL.  (MuMjI  7uAM-bUni.t  U<blALLIl«t  AOLVld.N  HtLLCVb  7-Uh  IHbNMAL  kNtNiiV 

»IUmv«l;  nitfl  uLltolh  PUVtlnVUM  INHKMLUIAH  UNOOULIS^ 

MMl  rtkHUMI.  UC  lUbkK  •*  iV7»— JAKOANV  31*  IV7« 

tblli/K  UN  CUMK  bUl  MAN»  k«A*t  bAUt  Uti.»  III*  JLNa  Ikbt  U.N*;  bALHN.  1.0* 
LUN^NAlc  AU 1 M  NiKbAkK.  MlbkANCh  Curtk»t  UAIlONt  OH  (UbAl«  OAVfUN  LAo. 
bkc  mi-HI  nu  urC-ua— 

kfcwt  NU  w*» 

AVAi4.AUIt.nT  ulH*  Mlj*  MC  AUU/Nf  Ai»l  - 

U^lnAki  kU  viAlnAvl  *-FAwU-kHU-Ab 

UAll  IV/I 

CAlLwUNiu  Lut>*<bu(wv 

HK1W.KI  CA  I  I«A»*>^tfVtvU 

NkMttftl  NO  U*M./>UC— 73*N/A 

AbjlNACl  IMA  MHlMAkl  UtJklVIVCb  U»  INU  HkUvNAN  SfcKt.  1U  ULMAlblkAtk :  III 

THAI  FUKH-blAbLt  HIM*  UtNbITl  HUi.  VelrtTLxMfc  (HO**.*,  WH |CM  HAS 
HlfcN  SAIUAN  lu  ITAVc  L4.UINALU  PNu^UliLb  AS  A  HHASl-HlANfet  U,’L 
Ul-  iHtkNM.  tttkkV  STOMAS!  MAIlNlALt  LUUkb  Hi  MMUOUCcU  uV 
HAdUbbiw*  AH  A  kULTtlHVUNL  KAl.l  hik  A  PnUJLCUu  I'm  III  NtA<< 

to  uuMu/ul;  anu  u  )  Thai  Int  na»  MUkiAt*  tiHVLrM.*  sail  hi 
AVA1LAUU  IN  1»t  VcMV  kON*~I LMAA  A-MUN  ALItRNATt  bUUNCtb  (UTK.M 
•  HAN  KlkUUtA  ANu  MAlUNAk.  kA>l.  iHLSfc  ObJLCTIVtS  >Ut. 
AO.UMPLIbftt.b»  HiJOUCIIUN  Alt-'  Ubt>UL«  7(MM-ITAIlU  NuH  PfcLU  Tb  (iV 
MaC/I AV  AUK  UtAb-LlNMMU  NAS  U.MAb1MAlU»*  SUCH  KUtlb  Akt 
tbl  InAltU  ruse  UAlAIAAASLS  Al  ASS  UMb/kb*  USA  AM#  Ukut-VULOHL  i> 
OK  tUUAu  to  M»atta»<MO  Ltt/VMI  IMH.AN1  HMOUbbANu. 

«LL L -Ul Vc LUHtJ  IktHNUtUbitb  lAlST  HA  UblAkMNi.  tlHtlLke  t  *Zjp 
C4AL  Akk  HAiil  Ua  ulUMAjAl  UlUXcLbi  tHUb  Ab&UN  lltk  Aid 
kU4k*fkk».  AV/>I  LAlIlIIV  A#w  IlSkUukt  I  HA  I  l#  HJLll  IklulUL.  A 
CifUTmtkvT  11  AfWttVul:  ut-  1  lit  MwK  trie,  to  HAL.  fcHl  KU»  blim«u  SVSIc** 
%#.S  Ui..*t,4.U  4.  liVtis  A  I  >  liV  lv  UvkUUr  SAC  UrHMuk  1  lM* 

i.nNuL  Ahlkf.  A«#  kJUl  Utfil  -k  HA  ki  bbkrl  luk  Aik  UMI'll  lUMSk  •  lr«. 
rkAt  U  M.Al  ktbl  AlHkliVk  | MAN  L  A  InLH  NuUbt  lImTlu.1  UKU.. 
UM  r'kUMAULU  SAftH  ANU  IS  tVfcN  IUAS'4.1  A  V I  Vt  Alin  A 
HVKU  ImL  I  UAL  S  CLMu/kU  .ALl-HVukkU  AltkllNU  IN  iriAS 
U*^l  knlukl  >wl«tL  •  )ncbk  Kkbutlb  AMkv  ILO*  AS  A**HKU^kiAii.»  lu 
Jillk  kik  kku  LAkUi^  iHAh^lk  SVSltNS* 

Utbkn  IV  ItMu  ikU'MiiMk^itN  »  I  -»  It**  kM.  (kkl  tk  I  ktk  1  !  IlikAUAt  l|(MAIkk|ALb!  Ul  • 

Ml  k  kL  I  S  S  HOc  V»  I  HlktNtbi  f  HLKAAAl  LAAIMCT  NVUNASfc  tuUAHNLM 
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